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WD 2004/ 014826 PCT/ US2003/ 024752 PHOSPHOROUS REMOVAL
AND DI ENE REMOVAL, WHEN USI NG DI ENE SENSI Tl VE
wW@200M Y816 DURI NG CONVERSI ON OF OLEFI NS TO BRAMNCHEI03/024752
PRI MARY ALCOHOLS 5 Field of the Invention The
i nve %ﬂ@sp@ﬁm@ RIEPICY RL 2065 DIENE REVW AL, WHEN
PhOSBRRUBLSERIS! ?sﬁ%@%ﬁé RS PIRiRNG %ﬁ?ﬁﬁ\éfﬁws!@ﬂ
Backgr ou@ﬁlﬁé}?@ (r%ve}%fnl on 5%&?@% uponL he
met hod of their production, olefin feedstocks may

Ficl® 8MPEISRnfon Vari ety of inpurities which have a
negati ve i nmpact upon the catalysts later contacted by

t hdholinsfentior prsi@inisde e proqepufor reraeving Dhaspheroys and/erdiensgifrom
oleﬁ%ﬁ%ﬁ%&i@%ﬁ%g%gb%po%féﬁ%ﬁ'%@&ai@ﬁédo in?r%zrai%toﬁé’ﬂs.e”e units can

h contai ni ng i I'tres, including
but not necessarily |limted to organophosphi nes and
organophosPhine oxi des. These 15 phosphor ous-

Backgyaynd ofi the vewisunds are | argely renoved from many
i : a ; _
S0 0 L A B30 200 DL Sl e

sepa cuts ortunate
vari€ty 9f iaplrits hihivhshava d nepafivedipasipon eheazatalpsss fate oontacted by

14- C18 streans tend to.co-distill with the Cl4-Cl18.
the <§Ffé‘f gdstpek. tlﬁ’é’uBP%g’élf‘E? Hh%‘l‘égﬂbtthﬁ arg produgss} py oligomgization of

' ' i ' | RUWdidd & Y
M G e e e T

necesteily lislitdd tobrgpappbosphicespad prgamoplasphing oxides. | Thasg
fluids, nd machi ne or tal worki oils. ohol s
phosgP Ot ot PR e HROG R BBt e gy (g Mitdins
duriM@tHer¥ceds ooRf1ia6dh kOSparatdedrisnls NetsiadfleaiRt Infoapsly, the
surfactants, and freeze point depressants in

orgapophdsphinphandoirganoplrprphincaxidss downdaip &1 pF aoilicars gypdgo co-distill
. r ~of : i r : ] .
oo CEATTETE Pl SRS RSUTSHE 5 o Gromov
thest brssphitle impplitiesdiyi snple dididladbef i n f eedst ocks are
treated using acid catalysts. Unfortunately, an SiC, ..
phésiifrerlring Bateitith g Tg%%‘ﬁtﬁfﬁ REE2RH 2P Bl Pufspiing, dFftng uics,
and %rﬁjgﬂi%% Bf kR taMbliiRe AL | XRbNoIbF Sikh AGind he@d &dn¥$bRial TRBortance

sphorous-containing noieties that are basic in
in a Natiety of aplicafidds, melwding detergtite seaytsi srefagiont, aridifeepzepoint

t he catalyst. whjch,lower catalyst activity a .
depisipp e Lo SO R e Bl LA Mo 30 Sgmmercial
proceés Subh s BPoxe) @ftiyasorban AhliGHOAEIbAZ haiblefitd) dRSharBldfahese

forms. Dienes are another inpurity that negatively

applieapians, theeqlefan feeddoskss s oatedhusieg adid eatalysts.

Y GRhRLINIR b9 BafE bR RER SRR Ot Eir TBER! tefin
feedstocks will negatively affect acid catalysts. The phosphorous-containing moieties that
are basic in nature and will neutralize the active acid sites of the catalyst, which lowers
catalyst activity and performance. The organophosphine moieties may even cause the
olefins to oligomerize into undesirable forms.

Dienes are another impurity that negatively impact certain catalysts, in particular,
hydroformylation catalysts comprising noble metals, such as palladium. Methods are

needed to reduce the phosphorous-content, and the diene content, if desired, of olefin

feedstocks.
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needed to reduce the phosphorous-content, and the
di ene content, if desired, of olefin feedstocks. WD
WQOM400B2826 PCT/ US2003/ 024752 Sunmmary of t hePCT/US2003/024752
I nvention The present application relates to a process
SmmﬁﬁﬁyﬂﬁﬁkﬂﬁM§m§§|ectlve|y branched al coho
osition, conprising: providing a |ower olefin feed
Corhbe Pisisei} abpheadion BH1eles ot Pravess dormaking g selactiselbmncisd
ahoﬁh ngg % N rati on of phosphorous-contai ni ng
Mt ac ing said ower olefin feed with a

s 0 phﬁ'ﬁﬂlng 0 Wérf‘dld‘iﬂl feedvediaprising Bhei albfins Aatingasledst Otarbon
nmetal, on a support in _an anount and under sorbing

condi t i 8i9Ens awdfcensepation efphaspherprs- P%llt?lé@&@eH@aP@S

co t

CoRRALR4 RNk PR RIS SRR T oty
sai d | owensitibrefmetal, oaaduppdrhirparskadwtt ahd iisderesibieg doaditions
cat al yst _under i sonerlkﬁat ion conditions effect | ve to

pr oduce SHEFBELP FEsipniribhteduce WLeonsEntraiion;oh gaid phpspheepus-

carbon baa®indaR %tpoﬁﬁdb\ﬁﬁrséﬂdrlgwéﬁél isflegcti vel y

branched ol efins sai d selectively branched al cohol

co nqxdscptmgcsmd lm'{yell adeﬂtm edmiitich slmlﬂtaloﬁomehezaporesaeawst under

i nvention * d tran? | 9N ﬁ %.v b lefi

pref er abﬁ°§}‘6§1§f‘ éoé’tcé’l} ‘F’PB?T? UV P B RS iy brnoked olefins

Ti, Y, h@vm@ﬁgté‘% ca{rl%h atb’msNQ)d Ta Unp, Cr, M, W

Uhn Mh, Tc Uns, Ru, Os Co, Rh, Ir Ni ,

pt cor(ygrtuyggsalda‘wlecumy bzmch@ﬂoleﬁgs tocggld qa}ectlmy bmph@rp,lcohol
@P OnI—Io Er, Tm Yb, Lu, Th, Pa, U Np,

Pu Am Es, Fm M, No, and Lr and

co ﬁbbﬁt&ém‘ﬁmﬁmbﬂit&if d&f predent ﬁwBﬂt&flﬁ flelrhytali@ aftraggitibh ﬁletal,
group cgtﬁalstlng of Sc, Ti, Fe, Co, N

Z
prefzably gplecigf fropythg gEpup RSPl ?foﬁfs Ti.neddofc, Ho ana v, Nb, Ta,
Unppc fwsalvl g}]rm QRIS ﬁ RsbstEN RO, ;‘@,Wh, Cu, Ag, Au,

, t he urt her

I’'nat i ons teof. In’a ‘
Zn, é]ﬂ’@ddngeﬁt,,Prt Né, Boy $renku,dadyiiti, Bys Hooln dim, 3%, de, ©h, Re, U, Np,

i d, pnder sor.bi di.t
Pu, S O B B ERE DA NGA g LT &l e hs SRy p Gt pferably
fronztiaegfo@adoﬁs@tmgsmr TUSE CANFRITY, NG, CQTRO RIS, M Ab and

lower olefin feed or said selectlvely branched ol efi ns
comhﬁxytl@r@rfbm@@ mpsreferably fromfthe s ongisting i eoppescelyse gnd

com@ﬁxﬁ%r@'tﬂ&e&@ the present invention may further
réduci ng said quantlty of di enes.

In a further embodiment, the sorbent comprises copper oxide on a support in an

amount and under sorbing conditions effective to substantially reduce said concentration
of said phosphorous-containing compounds.

Said lower olefin feed or said selectively branched olefins may comprise a quantity
of dienes, and the processes according to the present invention may further comprise
reducing said quantity of dienes.

In a preferred embodiment, said reducing of said quantity of dienes comprises
contacting said lower olefin feed or said selectively branched olefins with a hydrogenation
catalyst that is sensitive to diene poisoning in the presence of a gas feed comprising an

inert gas and a quantity of hydrogen, preferably under hydrogenation conditions and at a
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In a preferred enbodi nent, said reducing of said

guantity of dienes conprises 30 contacting said | ower
woeb@iionsteed or said sel ectively branched ol ef PeiEUSZ0D$1024752

a hydrogenation catalyst that is sensitive to diene

flowRRb SABERE tb '&oﬁ\b’t@t 18/ ofet i %%n% Ern%r Sfferles Eﬂes&ﬁrﬂ? Eah& hdRer %‘ibﬁn

inert gas and a quantity drogen, preferably under
feedrqrdaldgiehatlv&iyl bnannhhdtqlcﬁrs vlnite pwdm@g Wet20 Oﬂ]le@sﬂm@fﬁns
[ US2003/.02475 fl o cate . f ec e to convert d
oI 1 PR EX, OWBFB‘ P the gyvep l%hé ;‘f‘P’é‘éf‘éh’Pg PRI C?‘B&Yé’rng Sal

sele@hRly PranéRAGISnsSAth BRIrefkhyRLiYn Bita ?ﬁﬂﬁﬂeﬂhﬁfrbﬂ&ﬁnylatmn
whi l'e producing 1 wt.% or |ess paraf In an

condifipsdi nent of the invent i on, said converting conprises
contacting said selectively branched olefins with a
hydr of ornyl ati on cat al yst under hydrofornylation 5

Det#iled Mdstdpton dPRmbddededdescri pti on of Embodi ments The
present application prOV|des a process and. sorbent

whilds PessenicappHeatipnpreyidesta RIee§sy én@sqrb@ﬁwhtqh@fféfamtkyrﬁnd

effe&iv gg%ﬁ?é%g g?m%%gpg%ﬂgro%g SR %9&{3;;61% &1%1&? (flfo

pressm‘b ecolefie byedmisadaingdhaprodinadion of (Sfﬂpcmrdly bnaﬁcheﬁfhhcohol
praocess and sorbents described herein may be used to
comppYPUenSsypst antial |y any ol efin stream O efin

f eq@iatasdess dddaamsRdea0.a |hleﬁén§‘ﬂﬂéy $0 WE&PoTRYt B®stantially any
treated wth sorbents to renpbve phosphorous and/ or

oleﬁam stieem, (Hefin &x:da:tptle frant substesfiplly dmesduneeyminebel eadet Witk d

om the ol merza hlen; racki f
sorbshRT% et SRRES s R e et o bt G pfifindPedopy be
derivdipRom! Hivd &[g%me@iz@tﬁcﬁf ﬁwmylaieetﬂamang Y paaftid Wik, 3hd 0 6

carbon atons; the_ isonerization of alpha olefins; the

oligempiaratinnof Sredengiins dadn eshylens pesferably qb@?néfhﬁmg from 3 to 6
carbgﬁ g?)fngh &eﬁ?ﬁégﬁ%ﬁﬁ g%%l&ga 01%5%& tﬂ%{ c}t'Tgr 19&21§H é%%ﬁ%@&ﬁ&ﬁnauon of
parasfyins, baaffredehydivgendtoh] FhSChen Trdiech erdhgsise bed, aby ytheawethods by

which SRS ot SRSl YA i e ooOP i Dafeoverage chain

lengfPSt frorﬁ r6ect) %Q%Qlt%n af g, ilr%ré Brel B9 RN 1 RIPIPearRERShE Gnost
exanmpl es of suitable dlefih feeds include, but are not

prefemsblysfsamilRyo I § parbewatoms. t he Chevron Al pha O efin

Sl SSiEs L RERT Rl i Pvl e B S aied

to thEECiRvidh Aﬁbﬁagl A?raau@fsemr(aﬁéénﬁhrmx andky1€ By CBeviBRYhemical
contai n di enes. so suitable are connerC|aY olefin

Co. ) ivhiphcara predpmpinaatly taepr 9lefios made by tee ¢rgdldpg pLrarafsin wax, which
may@%%lgﬁn ggnésn Al@g s&&'bfeeage §3&g&1§%leﬁﬁeﬂrgd&§%ﬁﬁ£cmred by

ethylene oligomerization, marketed in the United States by Shell Chemical Company
under the trademark NEODENE and by Ethyl Corporation as Ethyl Alpha-Olefins.
Specific procedures for preparing suitable linear olefins from ethylene are described in
US-A-3,676,523, US-A-3,686,351, US-A-3,737,475, US-A-3,825,615 and US-A-
4,020,121, the teachings of which are incorporated herein by reference. While most of
such olefin products are comprised largely of alpha-olefins, other suitable feeds include
higher linear internal olefins commercially produced, for example, by the chlorination-

dehydrochlorination of paraffins, by paraffin dehydrogenation, and by isomerization of
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under the trademark NEOCDENE and by Ethyl Corporation
as Ethyl Al pha-Aefins. Specific procedures for
w@e@pardiseg suitable |inear ol efins from et hyl ePer/asm®03/024752
described in US A-3,676,523, US-A-3, 686, 351,
alphb’%léﬁr%; ﬁ“%@se“l?r@ludejﬁn@argmtgr%@z 8480 RS IAMRQC 8%0@92: rhide

he teachin are incorporated herein by

markecdabse el ngnicel @g@pmwrandwdhqmefmm froanys are
r(')l% 0 < g é%nﬁtyﬂdﬁ gp%l rﬁ)ﬂ gcg?sg f 2(?’% p‘ie&%éﬂr a spemﬁed carbon

nurrfb@fﬁfzﬁﬁ &iagkhch Iﬁfrﬂﬂ oA cothler @ BBlalabley Anlefin feed usually isa
chl or| nati on- drochlorination of paraffins,

distrplytigpfof mqr@rgl@ﬁmﬁg%wmgi differentrgrhnn lie@@h% ritheatilepst %& . %6 of the
4826 0 n Ty

olef\ﬁ@bgﬂg%rﬁ&%g‘ger | %t.%r éear n&?&%f %ﬁ%g érr c(l)r uglﬁb%veQJere{qecﬁ'rég I;}gfse?ably,
the §l2f2n feed gontaimrgreiterdhdny705kedd, mohe pieahbl CEOPENYo (&ﬁﬁbrb}bf mono-

le U|cheq1ca Conpany. An olefln f eed generall does
olefifgin ¢ sprsiiiad gF orlowew grgndhoanmindes oS fegireqdus beiag plsfin of

)
othef IBPE A6 r AP T BHE el PRMERS BRARA, ki gter
impmﬁtiemmﬂﬁiﬂ@rd)mshm synithegisgirddeey. €tte loeationrofttendyiubse bontd tisinot
as % of .the olefins bei.ng wthij
hmlgefiatf RlesiPui BHAPASIHORBY SHnRyisiorol eﬁamwakaléﬁm PBEpixtures:
thergdref erably, the olefin feed contains greater than 70
.% nore preferably 80 wt. % or nore of nono-
oI @féfased olefin sirexn foe dermanabaffphuspﬂmousr andecart hewer olefin

n f the pro lefin of other.carbon
stredigaategy QigetisH BRI SOUR & KW TLRIP S P o
olrg&hé&ﬁ’ﬁﬁg Ethylead ds@&ﬂ@ﬁrﬁopk@sﬁh@ﬁiércbrﬂp%ﬁndsetﬁhﬂ r’eéd?ﬁnfﬁhgiﬁhbﬂﬁ asa

synthesi s process. The location of the double bond is
contpginant inrthe eagultingelefineftieamns é’eﬂre&wgo@mmqmaﬂﬁyvmbhbmlgm feed
for tﬁ ?&tﬁ'rfehp tPe E}e%lﬂ%llve% 18 e Pro%c érlargete(g hno or)rl’csflJ §tates by

erre streams

Sheld ChetidAP@bmphiSy\&ided i:}%ftraﬂemﬁﬂmEGDENw eTby preferred embodiment,
ol i goneri zi ng et hyl ene. Sonme of the known processes

the glefin fiesdgipeleis rrsatedite ger@qwq;ph@mom befogepsisarsghen agd catalyst,
or b&gfgj%égg.gg tt(??t‘herr & t Q/hf ?xgzg(ﬁnﬁg k&' \%?rse?}{ fg Q nt ﬂa rr1)as1c

nahmﬂﬁn@p}&lnhsyccﬁﬂzﬁhingbbﬁta@rﬁr&htsn Ih @Qﬂeferfr@d erhb&diinesR tiRdhtent of
the present i nventl on is theﬁfro uct nmarketed in

pho i AN WY 5ie¢ [oBRE AR I ipRAYoedad P less,
pref%rlraﬁell??fr.??f)‘m NERIENES S )prefergblz é@tb gf 1ﬁ 5reSTORE icient 13 time,

eedstock is treat enove phosphorous
the d@éfeotsereéuqedh@ centend of phespharouataltyining @mponndsehahelower olefin

exposu ot her i tions which would be adversely
Streaé’f‘?e@ré 511 &’BB ﬁgq ‘nature of phosphorus-contai ni ng
c o n @Eﬂd@ﬁ?}%ﬁerrea@nﬁ)oﬁfrﬁén@ rtﬁ@sheﬁm@@@hhﬂeeated wirﬁ sefyahﬁgtto
0

hos rous-containin npounds in | ower
rem@qegjhoslplfog@@ h¢reinrsethetiogs € leﬂ thrtower dleBs ; feed ” is the feedstock for

the skeletal isomerization catalyst used in the method described in US-A-5,849,960, which

has been incorporated herein by reference. The olefins used in the feed to this skeletal
isomerization catalyst are mono-olefins having at least 6 carbon atoms, preferably having
from 11 to 20 carbon atoms, and most preferably having from 14 to 18 carbon atoms. In
general, the olefins in the feed to the skeletal isomerization catalyst are predominately

linear. While the olefin feed can contain some branched olefins, the olefin feed processed
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preferably 0.5 ppmor |less, nost preferably to 0.1 ppm
or less. Gven sufficient run tinme, the sorbents
wo edyoeisehqre content of phosphorous- cont ai ni ng PONPS2INEIE24752

in the lower olefin 25 streamto parts per billion
for :(ldélé}ﬁb)l idoR¥izatior ﬁeﬁarﬂﬂ§ tolhial eFhRd t}ﬁmcﬁe%ﬂ% mdrB %referably
olefin streamtreated with sorbent(s r enov

greq@ﬂdlsqghm paresnt radanost prtermblyeseatathandd @ mgle Heosent on)ﬂnelfeu of linear
oleff eed, ul'ess the feedstock for the skel etal
ns%ﬂ%ﬁ Zation catal yst used in the nethod described in
US- The2a83t 864 to Wehtahe fdedf HeeH oldTee i Peifctied tdeietitdlyby
. reference. The olefins used in the feed to this
isorageiae @t earsgelin W@P‘Psztéﬁf} itp aprlafiy sempesitionoliying ar3veEge

i b ¥a el GEShofRa 0B O 8RBy 67 LAY (Y0 Sdiom 95 of

quaferrany daﬁcbcbmatﬂ)ﬂlspafdkimm@an st mﬁhylg&ﬂfﬁtl@}l bratﬂchlmgl esiused herein
in th gfeedtothe skeletal | SO catg}gst are
the phraseo RV FrageRYymber g bggnch ey el e '«Ppnrff {fverage number
of bERRAA gﬁﬂﬁolt}ﬁﬁ@&ﬂf dg %e%gdr&? ‘IIT en@ 1@ Ncik & aonetic
proce WO 20047014826 PCTI US2003/ 024752 = for
Resgieake(’ él arids OGFVIR At asodesgu@ﬂen BIS-$-5 841,260 snogrieaisted herein by

refisBRE ohte AeerrynoeE PErEP Ay Rg lite i S i Hhgfelprmined by

gas BROGRMgraphymor e of |inear olefin nolecules. The
catal yst ‘used to treat the feed of linear olefins is

ef floptaal elefip fegds plsp gbmprissirpmd Qe ie Zéo%ppm ésaes. ol g prasent
appﬁé)a%g g%&}u?eg l%é?ﬁgdsq 6gciu%£ H{% c%ggre[%l?r%.{ligﬁ 9fh 1i %Yé nglnazﬂi (%leﬁr% feed by

ar chal

sorﬂneﬁahd/er By séleativegxyﬂﬂ@sndti@mfﬁlealaissm Btetibs. E(b&‘aioﬁﬁlélﬁémce both
carbon atons, and _havin at | gast met hyl  apd, et hyl
Progsssae RPmgHmpscallestively redfired harein toyat Hewovings dicges. riFafseably

the %fﬁ%%;a?@ A eH BEf QEP{h%CoLl‘éfﬂ{ ﬁ,' c%ntaEf:ﬁ %fh & Qurd1DG VUSRI

branches per a ecu as” measur ed
advigyely biffected bR diehés; lsecir asl@nbtaﬂ tsoﬂr(erlﬁlaammtaiyst ¢ddAoand

by o PG &b PRI R R Be YR B

hydﬁ)tg@ﬁﬁhrﬂgrﬁléd%@ i1Ph 8dlédliveBbradched BRIid &I bBroe GoRthctighiBe
chromatography. Typical olefin feeds also conprise

Seleﬁtﬁ‘&lﬁ hoched Oltfgofepé) Pl @ hydeodornmatiqur catadyits campilsingsqniesn more
rarel RIY hl%?aﬁs %Qggﬁp}p%llgc? gxglcgrh}cﬂi%ge%g?a\’/?& ehg Q?l%nléé)

I'eneés 1i“an o i'on an

selWhdérk V= loywdr olgan &édd&i@n@frlséshﬂloéplﬁﬁ’rﬁ& thesopbedit preseralitor
conveni ence, both process are sonetines c¢oll ectjvely

COMPEHES & WEPHE P‘@il PEieis metahpialergbly g rarakoxids. én erdgpioyforb
phogéﬁl%r\g' Lo % ﬁnglfrc o) yS 3&%{119%’[ {;&%e@és@%ﬁlg hfnﬁ q thS

nt acte rse af fected

orgdmpplbisphiess amlm’gammhaslﬂinﬁl edidds. iThe meemmre@rabmuahprssm a

and/ o
support matengl capable of sorbing dienes, more preferably a neutral or acidic sorbent,

most preferably an acidic sorbent. Suitable sorbent support materials include, but are not
necessarily limited to alumina, silica, molecular sieves, such as zeolites, activated carbon,
aluminosilicate clays, and amorphous silicoaluminas. Suitable support materials for the
metal or metal oxide are SELEXSORB AS™, which is commercially available from
Alcoa Industrial Chemicals, and K1-5715, which is available from Katal.euna GmBH
Catalysts, Germany. A most preferred support material is KL-5715. The sorbent/support
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hydrof ornyl ation catalyst. A nost preferred enbodi nment
i nvol ves sel ectively 20 hydrogenating dienes in a
w@edloeo1482el y branched ol efi n feed before cont apCT/nsRopIe24752
sel ectively branched ol efin feed with hydrofornyl ation
preferably rymbsescm% iof' ioing pesferably 8086 6r mosd, eroe@pieleraBly 0% or more
of t ar.ticul arl aI | adi ﬂ%wl ch is sensitive to diene
S5 PRGSO eelof"ﬁéo edol ef i n f eed conpri ses

phcmé}@mésso B s Il &S r
Support whi Ch CAarries aorg)rrlgsefal-fé w l[’és\e’%r %éé%ﬁfffblﬁnﬂy large to
permgi rn@tév off diensy @@tammg sompourgls llpﬁmsfpdttb rABhaughtiiad firfage area of the

oA S5l BELAC DAL Bk MSESERRL LD e

providy dm@ﬂﬁlerﬁfc@ﬁﬁbﬂwt\\(feéiptﬂ@ Ebrb8t aftd tIRUPPEH btrd . efn dzlhreferred
capabl e of sorbing di enes, nore pref er ably tral

emb@@hng:@r dhecsosanh bag a surfass aregrof frona b/ m&g ta@()@imf/gsor bent
Su mat erial s i ncl ude, but
o Aon e BORRL iR P FBN Sl e A efen
metasls éndading uaﬂnoaaeaeemrﬂy Bfite@ € theed S4bcERANRAA Gréflhs 3-12 of the
@h {ln @o& l.icate cl a)(’@?qnand anor phous si li coal um nas.
Periegie { 4blp @ &?p@%@?nﬁﬁa dhaPerigdig heble pbthg Elementeisatferred to
herefht 't}féesoﬁirc@ o§ﬁ}er?é§%§?oa F\‘lg \P'hb&!??ﬂ %1?022“\? rn%ledg‘ Z{'H)égamc Chemistry

available fro ust ri emca
(5th Ed- B8B83, ingirpatatedsiersimby adftrender abpokips Z&llelillitauda’fﬁh‘l are not

neoe B o AT BB S A )

T IP&TIn'sJSF’é) 0 f
To BTN e AR DAL R
m,

. EneGdi Enddy, ploe Berkmi ¥ib.tlhe Thobe U, @u;emnAfrp,em Bm@f%

Fm MENEORRPEY. SR8 R0 B SR Se ehE e i v
Cr, RepGb AN OngﬁOZ]iprDN'ﬁl A dnbi@omBBftioM thBRYS W&Pe@reaqﬁétélg fre

@%Sﬁ of the 5 sorbent is not a critical feature, the
Fe, Lada. A ead e fI@a@mefrdserabodl@axsts thr@nml/lg silver or kaper

Prefctré)oly H{ F'ﬁgﬁn SPELbG et sgl%gfllfas%taﬁ gos i e 8" bwjgl%

he” olefin stream In a rre
% Of§b¢ etal ohds ofithefofegoing anieeas qfreféfa_bhy d@@eﬂ]ﬁ#r@fefdblﬁ@l& sorbent

s f
comE G HRBI LSt Ot 30 Fori RABTERED K 5 Whie i FoHt. %, even
mord@tRlbly frol 346t 0g t(p% w’E‘% oﬁﬁ%%&ﬂrdﬁld’e k0¥ dllsr%{%#bb%/ hgg,fsgewt %

sel ected from GrouE -12 of the 10 Pério
to lot‘Wé/ of diranetgl oxie nKLHY 1Pés 4 0.8iremTeilibe shdpet! hBmfhemenpsort.

oG el Slal o PR Pont iy il s Shosirgais onto the support
usmg@iﬁfmlﬁih’ly techbighe, Eﬂcluéhﬁ§ 8t ndt REQRRNA1iBGed 88 RnxBYange, co-
reference. o 12 include, but are not

mulljg Q& JBRFsEPFHien. %@&fewﬁ tgehnique, is yore| volume lmpﬂfsgnaunq usng a
solut{(}%:of lé%’op%g ?allt,rgthcl?\#@colgg\é rﬁﬁgter%rf)p a?lX) R?ezﬂ t%r suéable Salts.
A préfigredGalt ifPcoppiidcarbonate. The use of solutlons of other Cu salts than copper
nitrate may produce a more uniform Cu loading. Copper nitrate is very soluble in water,
and tends to wick out of the pores during drying. The result may be more CuO on the
outside of the pellets, although smaller pellets are less prone to this effect.

It is preferred for the particles of sorbent to be as small as possible; however, if the

size of the particles is too small, the pressure drop through the bed becomes too large.
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15 Pm Sm Eu, &, Tb, Dy, Ho, Er, Tin, Yb, Lu, Th,

Pa, U Np, Pu, Am Cm Bk, C, Es, Fm M, No, and
wa.eoo4Buist@bl e netal s i ncl ude, but are not neceBSHDS1093/024752

limted to Sc, Ti, V, C, Fe, Co, N, Cu, Zn, Zr, Nb,

Verglama}f\gaﬁﬁlés %B%k@@i‘fﬁ@ﬂﬁtotré\tﬁfnqﬁfthe e be® dA"jS@éféllr§d Pdrfcle size
WMh, Ag and Cu. In a preferred enbodi nent

i froped ot 1 6 simmerednefeambpeiom Got e fobmyn.i BELEESOBBAS™
is plgfc{lc%x(g g‘e WF fo%ﬁoﬁﬂ%?ﬁ{fhgszurh{’nj %%e%gsg gﬁ{% #n%? Pe fufE 8 11e1Q%el rocess as

purdhatedl Hovvef,8phdityare dpphe mdst eﬁfﬁfeabbmlclbhﬁalﬁibbpmposes of
corrprlsesfromlvvt %to 50 . % nmore preferably

maxipiReEPaicle spitaredg V@kmneol&n@v@%auﬁ%%thm HELAB(S0 KRBT is

s b B ol el Rl Siad Bl Ao SR RG 1A E{I?{é?i@‘ﬂ

sphérss mtd)th8 smalltst iphitickes phsydd vathont induisgigpondue préssumeelred or

s S oo bens B P asi e AR e PERHAT foy torm,

1nclh&ﬁﬁé ek 39 nBltssAAY 1iRBERESS §}5Heh¥al b, ttﬁﬁett Brrh Y 1IBUGEA RS,
mul l'ing, or 1npregnation. A preferred téchnique i3

mulpdobed\mlmdmcal grmsgaat thein casespgnding bollew icomnterpas. clopygeferred
per ..ni t at carhbonat e

emgirignt 3HF ParfPleS BARCL albngfeRbE b BAREE S GRS hererBiy 0.8 mm

(1/396111&1»9 Al e mlﬁf(e/ws&c}gfmwlp%fb@msj 08 nh.Nehe Qﬁg@ﬁ flige pdrddles is
per nitrate I}‘/seuro uce a nore uniform | oadi ng.
1

not e@w& Wit} quitable lengthsaingludise, bt @ot peogzeerly ligdediiod cssdhas] 0 mm,
pref%&bm)ﬁ:&n&%gg ot .pores. during drying. The result may

outsi de of the pellets, although
smalhegorbeal mey be aﬁrﬁadtéﬂsmth tigniewepoletin $eedfifi @ay suitable essel or

referred for articles of . s to be_as snmall
agge%%sw pding ﬁéh%ég?f"d %mOYlﬁg%e%.az%“ﬁﬁ%én Hafleycs eancpgent
flow, %oﬁﬁellchneﬁ%vp S S LorifeRd ERBOMIANR . NE oRESH REHOFRSHith the
t'oo | ar ge. 6 WO 2004/ 014826 PCT/ US2003/ 024752 Very

sortenednd tb@olbﬁn Ifessl i lpssseénpﬂcdw tlfroeghl the packedtbad at 4 wetghehourly

spa%erogﬂt o? %ﬁm & Rg @ X %f:lf‘%rl 5| 6§ q%ﬁ?\grrtg @rﬁ%f ggur more
pref@ﬁbl?ﬁﬁ eﬁ\ﬁ-'éM Tige fobd ﬁ‘d?@ﬁ%djusfédtt@ Qufﬁ@feﬁily’fedllcé theillehof
heres, and nay be used in the process as

lmPBU‘?Ydh &yef@e Wowesrzdow dgyebr Blas liguid eifuertie colfpsteddn picentainer
purgear\%ﬂthcgne gxtﬂ gaf fré}feraB{g{ 1@&3%%6%%311 to%}cﬂnﬂﬂ particle

rrace dne ra etause o I'f SELEXSORB
ASTWhérs theusiefin fezd ihsubstantisint linebi, thesolpfie feet pedtetabl yds sutdected
or. ot herw se regwt the 1/8 inc . Spheres

to skel¢tal isqrperizatippe & eatalysig f %a%él?%ﬁéomﬁ%@p PG Frglite
havﬁig a%'fégé%%ng 'E:Eaﬁﬁlléf &itd]" Q)?ys@eﬁlo tf;gﬁﬁ fRle PORARE Manfe'fé?'}%ﬁﬁ"ﬁ%qfrom

rbent The partitcles have substanti al
gredterrthgn 4. mcahd desa gham Ap meamecbasraomnympa:rmlm avithoessentially no

e B S B Y RSP e A0 s
zeol@d b8 \We 52188 &1 Bahil USfA-@,SﬂQ,@BQr\KIIﬁQh has been incorporated herein by
reference. Examples of zeolites, including molecular sieves, that can be used in the
processes with a channel size between 0.42 nm and 0.7 nm, include ferrierite, A1PO-31,
SAPO-11, SAPO-31, SAPO-41, FU-9, NU-10, NU-23, ZSM-12, ZSM-22, ZSM-23, ZSM-
35, ZSM-48, ZSM-50, ZSM-57, SUZ-4, SUZ-4A, SMO03, DAF-1, MeAPO-11, MeAPO-
31, MeAPO-41, MeAPSO-11, MeAPSO-31, and MeAPSO-41, MeAPSO-46, ELAPO-11,
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enbodi nent, the particles have a dianeter of from 50

mesh to 6 nm preferably 0.8 mm (1/32 inch) to 1.6 nm
W@ o01@148mch) , nost preferably 0.8 mm The | enge¢r/vs20031€24752

particles is not critical, with suitable |engths
ELAPOEE HAHINRO Yt EDAPS@epleﬁmScy 31 dRdtBIdA RSO J4e sSBuinbatite1 0

nm preferabiy from3 mmto 5 nm 15 The sorbent may
canchjgite offrefite.dtydigach fome of gilkite, theanpgnepisiator Galeayy form of

ab el or arrangenment, including a fixed

mor‘%nat% éﬁoﬁ&%ﬁg bed, a downflow, an upflow, a concurrent

f | Dugticalagly pfﬁfﬁﬁmlieroﬁtﬁs afd thuse lefving the faripritefietymd framework

enbodi ment, a columm is packed with the rb d
- strugtpe (on homeetyradaSeesths Al @t 4eRlite RirpARBLLPC Py @%’ki@em and

D. I-fi?gso%t HRLPEY BB?er é%tlh tﬁ&‘g el Ire%chf ecﬁﬁ@ﬁn 1@9@ ) 1pab©98.

our pre per hour to
The bmmlnne_armstr&ctﬁﬁl fraafres @iiﬂe_r;ncmﬂte foubd ppx-aparystallb graphgeate parallel

chaqrn%e Iﬂiséi‘?‘f lfll?":? gqatéeg%aslgé \;‘V i i}@{]‘t I %/rsr edgleg\‘f’%PﬁlB%:?ga/ graﬁﬁ spetion.
Exaﬁﬁfek WERIchiz8o1fed ha%s%e e ifbrri@rifeQ St Ahib BamemMoH O Qchoirk hchitle

gas, preferably nitrogen, to mnimze oxidation.
natuysh endsyinbketio ferfieritef (eaaibé ertisarhembigtor aldngclinigl &r-D, £k (EP B-

55 SPREIIY éfﬁe-%%%‘?%éﬁ%ﬁo-ﬁs@% heeSin BEEIERTh-s016249

and ZSMIBE (ZSUA-DB 7S, ng)aAnﬁnafeﬁ@@ kkdl@aliBorianiatign ahtalyeel ueia
channel with a crystal |l ographic free channel dianeter

conjHagtiginrgf the presgtdayention pmhyrirogendfadicrigs eatalignasadeagribed in US-
) W th essentially no
A 5,@@%%@?&0@5{%6{%?%Vé]ﬁ{‘ﬁ}?ﬁ?érgﬁc%f ree channel dianeter
wWhiThl _skdet@_rlaahﬁﬁzahbﬁ patdlyét mBubd edmhiened etthiatseRatde binder,

descr,l bed in d in US- 849, 960, whi.ch has
pre écg aﬁg}Pé LfﬁVedip € Pgﬁ@?@h@gmo@g mﬂt@§ 1n&prporatede t%ereln

as dgs%ﬁt%é lﬁfus-An; kuslbpe TR @@g@@a&m@ Ley¥aRh thdWBbmEashtibe n&bér%

processes wth a channel size between 0.4
conduu:tednsifram'BOﬁPTC tb 360U e draparitares skquldnMExgded thsm@emure at

PR TR O Y T T

reacBbifartAt arodefin pb¥iiat Fes%é\ﬁﬁgin ]fronli/B/‘}\F%ft}naspherdh’Q@B@ivﬂPal) to 10
MeAPSO 11, McAPSO- and M‘JAPSO— 41, McAPSO 4

atmgsphgres (11MPa)y mare QG@@FﬁUYéfMIB alye/ I Rpowsplre (595 MPa) to 5
P P
SR AR B  EAES0 B w02

hy dthe glestethldy isomkrisdd d)lbfuﬁ@ alsb bdlemtﬁigﬂestmﬂy oanded lafims,” may
formof nordenit and hei t e. rtlculatly

be coprigd FeyALA fre ragg%o tapisy iR J(r}gélopg:inllq &piopig, cationic,
and bﬁgfl&@xilé:sdrf ? Zeol[)f%fergbl?t\xﬁfhci &gg‘?ee(&fbrﬁﬁﬁﬁx%\%fﬁ’t fehst 0S8

as o Ite Structure Types Mei ér
prefenatily aDlea#d.0. ”Ombm lepsithlain Shddie Islyelaaltly §pmrltz¢d Mlefimeqrresas a
surfactgelmrt gnterzr%}/eldlsa e. §pec§fllcaﬁy tlllg Ssakze’_letﬁia}%somemzed olefins, or selectively
branched olefins, serve as the hydrophobic moiety of the surfactant molecule, while the
moiety added to the olefin during the conversion process serves as the hydrophile.

Dienes present in the selectively branched olefins preferably are either removed or

hydrogenated, and the resulting olefins are then converted to a primary alcohol by
hydroformylation. In a preferred embodiment, dienes present in the selectively branched

olefins formed during skeletal isomerization are selectively hydrogenated in the presence



10

15

20

25

30

The prom nent structural features of ferrierite found
by x-ray crystallography are parallel channels in the
wa@bkwans2ai | i cate framework which are roughly PCT/US2003/024752
elllptlcal in cross-section. Exanples of such
ofa sﬁ?fglé I:a%:i fayi {)119181: et E)hﬁ{ tht Sedufted Ydb&tive Mg arIMeRdtion of
FuctUre i ne e 10 natural and synthetic ferrierite
dleneé aaolefiss, ond dithé uniatura‘@d canbaoshiben (bpndssm the diengesols sgectiyely

S b St BB sttt

feedlﬁéﬁe@bﬁer%fgﬁlé 48) relé’tnﬂ:’lﬁ §l60v(Betkid@d vl rate toadmeming sdlédtive

cat al y for use in conjunction with the present
hydrdgenativni catalyissinahg presersepl Ragdiced hydsoge eonjay reagdon gas.

d b
SR e el My 3 PLE05 S i ay
be us@& Sﬁ%ld@ﬁhl)‘@té ypRaBycbaplie, bh adeitable smpppﬂ;zenhewl selecdgdl from
aci d, and/or have coke oxi. dati on

Groupn@.0l0por bl efthe Reviedip Tablgof &&@F@B‘%&%@@gﬁm %&’b‘”’ﬁ%

o RN, S S AR 0 gy o

preseﬁﬂf)roee@@ erdC4, N, PéraperPaj mos padferatlyi pzaHadlhm, eitleet jiatpngjor plloyed
crack. Suitabl e pr.essures nt ai.n

i SASEA Y IV il i

to acfﬁ ﬁvﬁ?ﬂ% 'uﬁ%%flés@ B ) mbr@h RS RRRA1 % thd s@boM?ﬁlbyﬁl@mé @ less

m)sp eres , nore preferably fromabove 1/2
reacte mgih Vleeré @alwlmas) used a5 thewmépwgmtsth@cyoacqmaslon of

e

Cakt fblesSE sBRANLY Shppobk Fsrahe datﬁllyﬁcf ine] Inchmde, biteare not
converted to any a broad range of surfact ant s
nece$snnlydcm1mgi 0 GRS siligps. arfleculas siey em pgtivatesccarbon., aluminosilicate

Oter k
clays, Egcg HRPTRY OuOSf slflla({o ﬁ.lé’@ﬂ%ss gregérﬁlfﬂ?e?mrx% 1E£‘ aﬁd éeicgg(gr? SMggtan g
prefdi‘fédkﬁﬁ@rﬁ Rawrids afehdumial aatl ailicy Psaﬁfn's.’rdl SLIQHOI‘@SI legfvierup to 15 m/g
serves as a_surfactant |n%eﬁ

fical
surfacp areayand prefpraply Raydtany & & Pb?%e ac%?r e% e CI ?ﬁt\%%flﬁ ¢d catalyst
for u?%ﬁ"lntﬁg ?]%S&'Jt fveRfion éﬁﬁ?ﬁse@%aﬁﬂ%ﬂ ¥ ke Bhekihe suppost y Of

e suffactant nol ecu noi ety added
t hi mplefelrned dmrthn gattiokss ob naiélb’stl tohe p$ poel 8s Respipley hﬁ‘é’e‘t’eﬁe‘f the

h.I s _presen
e B S SRR SRS 8B B PSS el R ALY oo e e
paﬂ1@%g LRYERA Kbstastidllyl S foRS Lih&luﬂhgg bliedot I‘faﬁc@sz&lly hietited to
convefted to a primary al cohol hydr | at i

Spherlnaléom,éﬂéﬁtrfeﬁne%ﬂi@éﬁl% rm, mlé%%beér%% Ecai rifeand their
|
COH‘?SQB’&?% 1 Yon’ @?%B%gﬁ egta&)%éefﬁé i%mm@m i aﬁlﬁés&ﬁa% 2

rogenated I n the
dianRt@ DE NG B M&mm@ﬁ&gma smﬁz pjsfzﬁmy 0847BA 1/38fineh) to 3 mm,

TR ST R N
1nchM1 1?% %HISI% F&E@etsgaﬁil& ﬁfrﬁ’t@ﬁ 1§ REORAn PORHS, frofetddy HORMEHN © 5 mm.

The catalyst may or may not be modified using a suitable promoter, such as
chromium, barium, or lanthanium. A preferred promoter is chromium at a preferred
concentration of from 0.05 to 0.2 wt. %, preferably 0.05 wt. %. Where chromium is used
as a promoter, other suitable additives which may be used at from 0.05 to 0.25 wt%,

preferably 0.05 wt%, include, but are not necessatily limited to Ba, La, Dy, Ce, Nb, or Sm,
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hydr ogenat ed, |eaving a nono-olefin. This selective
hydr ogenation is acconplished by feeding the |ower
wob@iions2at a relatively slow (trickle flow retBEUSIHORN024752
known, selective 5 hydrogenation catalyst in the
pref@mﬁgzm 1of @Ffeﬁ&t&l&@nﬁﬂﬁbﬁgﬁ Av&iRBleasatalyse ascmsem,@a@uadlum

sui table | ogw aCtIVW‘ré/hl gh selectivity {) "
on ah‘}"‘ﬁfl‘é‘@éﬁ@biswaéa‘?lﬁlfﬁf’@t yHeRguysedH, Sgtalih épaﬂment %

Hera%ﬁ%s%{aé(s%tlszlt A?grom NBLS on a sui tabl e support, a

seled oups or 11 of the
Pefhe dataly@ﬁa bta’emblytdneuﬁdema lﬁxsd bEd trickiet fiow edacibn mode.

Advanc ( ga i C Che str Fifth Ed. 1998). .
PerSWSeqf&xg@ary sillndhe gt would cped; g gyé‘g‘&ﬁﬁ’szﬁHP fge
betwk8n eQ§%@1t olbfi Sth@éeﬁal 1n Ntmcl&g ﬂo@%iod:étwom $dsult in more

preferably palladium either alone or alloyed wth
hydragenaGon afban mﬂﬂ:smh’rb h@tproductmh of pohffint e thegamedicti The longer
of t ecatal be reduced to achi eve selectivijt
the I3yef QFAES fro el B e Febliet FnmiedsRobN i o a5t 1t

prodd¥tidtSbidefths! qs'n%s is edichia¥§ thtafth 1oWB&Y fowpahd dkd Mellsvel of
used as the catalytic agent, the concentration of

hydlpatn mdhe magtﬂpregaé upbmﬁtﬁd,umeiﬁrabm ©.fosn 260 6.v8l.- W, Witipthe remainder

belng &Bbrbelrﬁ gasz %Ffe{a?])éy Enérto 12 yﬁncolt}rlrgertw rﬁs Ceial'ggéerstg %xpolsf s %’ khe

catalyeCL8I8 hirtdtibh Fad Ieideta Bntisd H}’ac&og@i doinGAs, thm|gﬁmhabonver51on
si eves, activated carbon, alumnosilicate clays, and

of digness pabthe laweritbe wieldeiPagtlipy. ef er abl y al umma, silica
angpng %a@ﬁ@n cha fons Efegtf E? l}'chPﬁé 1oWRt ﬁleﬁﬂé Ere?ér?ol re fed to
re pto yl%

alumna and silica supports ave
the ﬁmﬂa/dg)edaua fiqud handa spaan d’ekoce:# éiﬂéﬁvyoih]a() er fesgm@3t pef&ably 0.5.

f d | 0 f
The iagtlph Dien@r ik BR DI mu BTt i et Siwdom
20 t@bmﬁg (G WPROT.4 MBd gdg%? REaf sxref&@blf/ 90 pglgqomm@ %&%?] Ofhe

ySt to be as small as possib however,
reactipix tengferative asamréfetably is selatively heay, ifiont 6 &C p-’r?e% m E0QHo212 °F),

e 8 18 DR 120 G ey P L6 Y

ne¢Bgisabinhlatidn s beetnt @sed SptiRrarcialdehare the feahlotofanohefin with
mul ti-I| obed cylindrical forns, and

cylindrical for
CO iy toppyodyse ra@@ﬁ?hu@%@cml Mg RS oRe PI9Es sasbo) gom then the

reac%%?%lr%fgﬁie ggﬁ ﬁ'l Ef%nc%lgn %ﬂ}fwﬁ% {a tn?n?‘s] lﬁgerfg) ébrvgﬁ h;%}% §§de and
the rethnctioh/t8 fheiabahp] step Bt i. eqmsdrommm@mryfefs 8 thenprodingion of
h of .t he pa IeS| n riti wi th suitable
aloop g o Sefibya g B Hikh A Gt Ryion Bprd s Soed
hereirf %?dlto!f‘(ﬁfﬁ‘lyjag.ioﬁ%feﬁrt@ iy @Rintel froMcBoN BT hiRoRoldMMostidd@monly
catalyst rmay or may not be nmodified using a suitable

usedpis dirp'treedifist @ko prwceB" atsingra phospluae, ipbasphiie, drsine Arpirithne

; r ef er is.chro a .

tigaf RS ESTfor SRl i b b o BeiRyRd UG A 2 B s -a-

3,230, 988; WK-A-%0239V560 CUSIN-030/570 SUSsed 23957&, IDS{MBMQO,S% US-A-
ot her suitable additives which be used at

3,440,208; US- 3 355 US -G ATy U85, 406 9055 a9l U Rreh-3 6,204
US-% ? 50 P§1§‘ G5E %%aAl?’l §Q7I gl@ {h%%lstcpos@l%’s ok’%hlc%e ﬁ%orp%lﬁ’teﬂerem

by reference. Methods of production are also described in Kirk Othmer, "Encyclopedia of
Chemical Technology" 3rd Ed. vol. 16, pages 637-653; "Monohydric Alcohols:
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9 WO 2004/ 014826 PCT/ US2003/ 024752 preferably Ba or
La. A preferred commercially avail able catalyst is
wK2@3Aa7482@ pal | adi um on al um num cat al yst avaPCHDF®03/024752
from WC Her aeus GhbH, Catal yst Departnent PKT,
450 7 Hamawd r wheiEhsoc 1981,
Mam?g‘t5 ?gﬁpr e? ﬁ%@eng}ﬁ]g?ué@gé In am% %eé!ﬁged trickle
incorbbxawdrleamhbprefmwda 5 Persons of ordinary skill in the

o AR M B ST ol FRR LRSS Bl o,
cobalt 'th&K)L:@rbB d}QWaﬁEg@ ahﬁlﬂﬂléﬂalfpﬂfégéﬂmé NgdiaE eommsiﬁg)gﬁth@d inclnding,
an undesi rably hi ction of paraffins in the

but npt Mﬁasaarllyﬂhelt¢6bhog3@lladltlmeCq)h@he@ndoﬂhédliuﬁ% Hreech@sssﬁ Sefakysts

deteraplaqfﬁg? ?}%o%%ireagf’ 199 ¢ rd?UQH(zsln%%Bse\&glantrcPBn‘% td'rle?uugtr&ngw is

advidaBW. ARstald QWM piareMenas suscdptiblelto dfen&@ohymihggenthen filhe
reaction gas is limted, preferably to fro
prefeyrs epabogimant idienerremayHdepsedia P%@U%ﬁﬁlopﬁ*@m Pagfé {u? baded
catalgsrtse fn%lﬁ&)lhg, i h&tor%g% 2111[119 1R o fl&ﬁ E %Hﬂlg?fr oatdEatalysts.
ure t’o the catalyst an o a rea n gas havi ng
One af bﬂdmaltﬁ skifhyechhe genby sufereing to adyeofthe vel- mbwndmra@r@@rmxo
of dienes, and the lower. the yield of affins
aleolioln6pR GG AGPIIBH BFoRdiBrSe) SEPSTafs B RR R (i Wil be
need8l &f b ﬁhﬁ?ﬁ{ea&ﬁé JleBhE f\ﬁ@xﬁrﬁple 1R addi€od icM8gLl s B4ab6@is EP 0
[ qU| Rour y space velocity (LHSV) of 1.0 or 1ess,
903 BﬁﬂsAlpnecﬁrpmatﬂdylemquy re'fbn@nqteeact ion pressure nay be

T hbernrs caB EEE o thopy eyt fR 300 SH Ml Yodc B

condtiGils@F@Rblerde, With @mﬁ&rﬁﬁrewafr@ﬁﬂﬁ% Ciba00T € aRkcaqion pressures
tenperature al so referabla/ is relatively low, fromO
P

rangefiop3¢9 psim(210MPe aga)to fp00 pe &7 Maeaee) Altbered lpwer or
(O
hlgh(?)cprﬁﬁlsgre% ) b]efsg{e@gﬁ :Tﬂgtéat?fé&ftguse Iaﬁg tl %rggl%% t6X:1. The
ratlodﬂ’lmﬂﬁ)géllil&) daelﬁimtmﬁm)mde @n vat}eMdely;\nbtﬂmsuﬂ@ arfcbnr2 te 60,
produce an al dehyge/ al cohol \Aﬁ’% (}: E r&o & leohol
prefiralblsnttde A malks Of MYARIEER{O FICIPPiS O £ %EWPP&? GHi2vPERleoho
hydrof ornylation is used to cover the al dehyde and
prod E .
e reduction to the alcohol step in total, i.e.
hy ahehmmfdmmamn cai be eartiod owign rdnemtgspnpmf as¥iner Selyens

GRS 5 B OTUASY LR AR SNt g

neces iRy ﬁnﬁt@d td3 kettdrlch,NEBd. @cEOAE] tedth CPQ Tétl@'fl kabﬁ@ Iestisy] 1Mbaty1 ketone
comonly used is the "nodifie process", usin

acetpihwapi #nel, cyplebeNPRS ATQIREICROMAOURY -uh ABbenZeRe, fJuett and the

BB, bR AT RSN BlobcRRngsgaT  Ded in
orthbBciloRbadfns, M logefmatéd Bard B SsidrotdBoohs 3ndRds, 18OByleliSchioride

3,440, 291; US- A-3,448, 158; US-A-3, 448, 157,
and gagbop getmg]@orz@eg pargﬁfénsggclAasg XKgBe é}@gftane 'methylcyclohexane and

isooctane; and, nitriles, such as benzonitrile and acetonitrile.

Suitable catalyst ligands include, but are not necessarily limited to tertiary organo
phosphines, such as trialkyl phosphines, triamyl phosphine, trihexyl phosphine, dimethyl
ethyl phosphine, diamylethyl phosphine, tricyclopentyl(or hexyl) phosphine, diphenyl
butyl phosphine, diphenyl benzyl phosphine, triethoxy phosphine, butyl diethyoxy
phosphine, triphenyl phosphine, dimethyl phenyl phosphine, methyl diphenyl phosphine,

11
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vdlphﬁ%#lm@ha%ﬁ%ﬁph@nyl d@hﬁmhlwowe&%}?hewl

30 US- A-3,501, 515; and US-A-3, 527,818, the disclosures
of which are incorporated herein by reference.
wokwhoous260f production are al so described in KP(ETJUSZOO3/024752
(lhmar "Encycl opedi a of Chemi cal Technol ogy" 3rd Ed.
dlme B9B%e 68 1R phddpnaky gid the Abgedpohding bindPand
526 PCT/ US2003/ b &4?52 Manuf actﬁ% ¢
st1b1uq§p1ncbglp¢1 gm@dgﬁqte@ﬁ@qmgqndy are tgrargetthém]qhm@}haWetramethyl

o Rep o S AR RUF DS Bt

dimetliye dixdtiyl @Qﬁ@glﬂﬁm dthyank] teirksidnyladiphasphiabéthined tevaperfiaoniphenyl
cat al ysts and net al - phosphi ne |i gands conCPrl Si

1phgsphigioygane,
I
dlme(?lﬂla yst gpdd}g ﬁlllr‘}]h%eé[g& &lrégg! gl’-lgpg t 1"'on gﬁ) é]%ainte Iagc}]s

tetratroiybdiptlosphinokethehalg whet her di ene renoval is

adyi sabl e. rtai t al not as suscept.i bl
o Bt bthorg ol Pisdhd gt Suliie patB ETB b e
phosph&4 cﬁ(ﬁf?@i”&brbbﬁs 'éﬁ&{jas' 91h§&6&dmﬁt9 Bﬁbsﬁhémcﬁﬂiﬂoﬁﬂié{mwhlch
ased catalysts, including, but not necessaril
the smaﬂesté’elcmmlmag lrlag |cgntamp lbksp#tiSrearhdngdends.cat al yst s 10
ordi.nar n the .art fernin
of %pﬁ&r%@ngz co%\%lrcgmlogﬁ%ﬂs g%{ceg%:o&xi;‘g} &eﬁ%ﬁ:e@sytreated
herefn®a2€ khidabBefof fhidinRutdeeurs 0N ghibhio NEoninid, AR e4tednid ﬁlrﬁﬁﬁtnts
pressure that will be_ needed to hydrofor nyl ate
prefesplely ithasformer teamerepreferaiinthe) apipnie Sperificalygihy, @whﬁéprlmary
3 | r
slcoff] sSmpdehipis Qerul R ROLAG 1o0BE Shabu Pk e LPARRTE ulftes
inclubii Aladhol e Eitdésaind bayalkyldietiabmwbobsuifatesdad abeionwi dxyalkylated
tenperatures of from 125 Cto 200 C. Reaction
alco}iﬂléssures range from 300 psig (2.1 MPa gage) to 1500
PSitge rgvgnﬁomﬂ]b&a&@t)er ek RONith 9é’f§1ren&r to the ﬂ)'l‘l%’bvmg examples,
pressures may be selected. The catalyst to olefin
whighatre dlvisgativeamlylarobouldmot bg conptrmed aaﬁmﬁmeﬂhmyld'ﬁmgmﬁo ©o
glrbonb nOXI de can vary wdely, but usually is froml
partigjlay gm r% Perably from 2 noles of hydrogen to one
nol e of carbon nonoxide to favor the al cohol 20
product. The hydrofornylation can be carried out in
the presence of an inertEsanpledt, . although sol vent

| e SRR, wor RidiEd & ﬁ%ffbﬁ%’cﬁ’*%f’w%%%%n o
impt?;tgas AcE1 ®okefin f?ﬂhmbmgtaf%ehmk}ecbﬁihh% g/n’ehﬂityd:ommmm:g 30.2 ppm
et one, aceto enonge C onexa aronatl C
phospBppBaHadeLiEaoaRoTERG Brne § et Shni CREAS5a5gg} oy gate of
54 ! TERE ﬁﬁ’ t&%%g}aﬁla@@q}?ﬁﬁ NASbeHSID &, MthPORSNGAREL. In

and OdICh or obenzéne; hal ogenated paraffinic
this hvyfmrmr[fat bloniestsotienasasd LGS EhIQIALSR) (1/8” spheres) (3.2 mm

spheres). Samples were taken at various times and the parameters given in the following

Table 1 were recorded:
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15

and carbon tetrachloride; paraffins such as hexane,
hept ane, net hyl cycl ohexane and i sooctane; and,
wopRaoniol482q such as benzonitril e and acetonitriPE&I/US2003/024752
Sui tabl e catal yst ligands include, but are not
necessarily limted to tertiary organo 30 phosphi nes,
such as trial kyl phosphines, trianyl phosphine,
TABIIE 1 hexyl phosphine, dimethyl ethyl phosphlne
——di-amyl-et-hyl—phesphi-re—treyetopentyt-{orrthexyh) .
ElaRb@8RRI(RS, | Ploph@mdilected(y) | Fhoiddluiwney/hnli iphepprh Poerlyd
phosphine,| triethoxy phosppi ne, butyl diletdoydny out of bed

phoesphi-re—t+phery—phosphire—dimet-hyt—phenyt
phogphi ne,| net hyl i phenyl phosphine 1) WO 1.6
2004014826 PETUS2603/ 024752 —drmetr nyt [pr opyl
phasphine,| the td36.4l yl phpsphi 8820and tjhe
corTespondf g arsi nes and | sti bl nes. Incfl uded gf
bi tReht at e- t ype | B&AAds ar et et r 48S8hy | 4
dl hosphi npet hang, tetrane1hy| hosphfi nopr o e,
iéethyl di phosi¥i hoet hahe. téglgbutvl brorsy

gsphlnoethanz?o éﬁ met hyl di I 7
sphi nbet han et r aphenyl di’gRosphinoet hane;

%$ perfIJoropth& 5 d|p1osph5@q@thane, t et r gphenyl

nenhlnwnrnnnnn fnfr nwnnyl H:phnsph'l BHt-ahe-

gfghyl phenyg3¢hphosph|noetMgwg, dlethyl duphEnyI

os nlm REB-epaRe

bp+epanre—ant—tetratrot-yt—diphosphimoetrame:
Exanples of otheg7iu tabl e|l i gardd®0i ncl ude, butl2are

rot—recessartty Hnrtedtojthe
th&ﬁhabiC/clohyﬂ$%m&rbons, such6.6% 12.5

§—hydrocar by habi CycT ononane |n Ivhi ch %Q t he
snfb.best P contaﬂ fhg ring|cont £ at | kast 5 ¥®af bon

at orrg. The|br ancg?%ﬁ.gr! mary al 0%361)34( conppsi ti ons; 4

préé ced fromth fin feeds erein arp

o

sui.table for the factune of ni c, | noni oniig, and
t1? nic s rfac‘tg éj pref anh|3?wt§g_f_g%r__t_\,qelz_%r_e_

preferably the anionic. Specifically, the branched

The mbamareynomﬂ Sovalf tkwpipxsphttru@frgmathe fe@é@b@ﬁ foz gbqui 0 bed

re or for oni
volufigse| Abagonr optioo et P At e iy 100t SRl fsGhentvere
not aﬁlélté?é&e%phamoﬂﬁ% apisgppaxyal kyl at ed alcohols. The
Invention will be better understood with reference to
t he follomnng exanples, which are illustrative only
and shoul d not be constr l[imting the invention
to a particular enbod|§§%rpggé Exanplg I A variety of
e eT liGad 1SRk € hatitiglh dehsity of Oriseitc dyeldonipoising@cdpmg of

hosphor us
phosghorusp was fed to a reactor tube having a diameter of 1.73 cm at a target flow rate of

54 g/hr. The reactor tube was partially filled with the test sorbent. In this experiment, the
test sorbent was “AX-200,” a trilobe alumina having a particle size of about 1/32” (0.8
mm) supplied by Criterion Catalyst Company. Samples were taken at various times and

the following results recorded in Table 2:
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10

inmpurities. A Cl6 olefin feed having a density of 0.78
g/ cc and conprising 20.2 ppm phosphorus was fed to a
WO e@ehors2¢ ube having a diameter of 1.73 cm at BCT/HSZPEI/024752
flowrate of 25 54 g/ hr. The reactor tube was
partially filled, to about 50 cnB, with the test
sorbent. In this experinent, the test sorbent was
TABIA-LOA 946 (Cud Al 203) (1/8" spheres) (3.2 nm

spher es) . Sanples—were—taken—at—various—tines and the

Elaﬂ%@& ﬁﬁi%t(ﬁl')s gi GRmsifodle f ol Fnd Apw (Bah) ¢ 1 pend in fluid
recorded: 12 W AQRE4G014826 PCT/ US2003/ 0240nidng dvtBifbed

psed—ti-pe—{hr—Preduet{Eotected—(g)y[FrurtTow
(g/dpr) ppm P in flouid COT ng out of bed 0 0 106 2
1364682 8—18—5812 40983 4 295 1184. /

1. O .
53.47 3.9 | 42.5 PUDZ.5 59./99 7. $38.49.5 2602. 7 5689
. : 397 1 46,73 11.6 73,5 .3718.@ 45.90, 12. 1
001%53831. B 6. 671089.65 96.|5 410988346. 33 16. 1 hja
5194. 8 55.pb4 17.1 125 5534.8 Sg 5? 17 The sorb
reihﬁ) ed 50p6 of t]ﬁQﬂ;hosphcrus fPORLt he fleedstoc fnr

ut 60 bed 5 v t he cond'tions fo t he
& the rel ati glé%EI ar g qnhPEZQ of sokbent \A2r6a
no%%gbl e tp | O‘A'E’rf%'hOSphor us tos5Q45 pprr Exanmzez A

aolefin fe Ving a-ldensity—ef—0- gce—and

cogpsi sing| 20. 2 ppmef 10 phosplsgngs vvas fed t @9

react or tubehavirg—a—dameter—of—1—73—cmrat—=a target
flowsrate pf 5S54@Rlr. The reactdriot ube has parddidl |y
i Hh—the—test—sorbgnmt——tm thi'S experi nent, the
t e90.550r beht was4Tl&% 200, "| a trii-6be al ufri na haddithg a
partitcte size of about 17 32" (0.8

96.5 4421.3 51.00 234
116 5675.3 64.31 219
125 6115.3 48.89 20.6

The small, multilobed particles of sorbent successfully removed substantially all of the
phosphorus from the feedstock for about 3 bed volumes, and removed 50% of the

phosphorus in the feed for about 40 bed volumes.

Example 111
A C16 olefin feed having a density of 0.78 g/cc and comprising 22.6 ppm
phosphorus was fed to a reactor tube having a diameter of 1.73 cm at a target flow rate of
30 g/hr. The reactor tube was partially filled, to about 50 cm’, with the test sorbent. The
test sorbent was crushed and sieved CuO on AX-200 having a particle size of about 14-24

mesh. Samples were taken at various times and the following results recorded in Table 3:
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mm) supplied by Criterion Catal yst Conpany. Sanples

were taken at various tines and
WO emaoosel i n Table 2: 15 13 WO 2004/ 014826

the foll

ow ng results
PCT/US2003/024752

PCT/ US2003/ 024752 TABLE 2 El apsed tine (hr) G ans
Product Fluid Flow (g/hr) ppmP in fluid Collected
comng out of bed 00 0.1 2 117.2 58.6 0.5 18.5

TABIGBY. 6

58.93 1.7 25.5 1506.2 59.51 7.8 42.5 2482.

5+42— 6T 49528334 5616222—66-573730- 65278
ElapSebtimd Burd |48d8uc? ChllediSd 28). BFluedFbwARLE) 3 5.1%mMm 3o Guid
96.5 4421.3 51.00 23.4 116 5675.3 64. 31 {2LoMingl@h of bed
61153484926 6—The—snmat—nuttitobedjpartictes of
sorlgent suqcessfully renmoveld substantiallly all of the

5—phosphorygs from the feedsfock Tor_apbout 3 bed
voludds, and remoVEY7 50% of| t he 4b%sphor us in thke
feed Tor ahout 40 bed vol unes. e 1Nl A Cl6
ol 8929 feed havi Tdensi tly of %8? g/cq and 0!
COIprd.Si ng |22. 6 0 phosjphor u s fed to a rgactor
g&ﬁvinc adig%\g{7 r of 73 c?ﬁ'ﬁ?at'roet flg\?/
f 3C g/ hr. reactjor tu S pclrtlall
fﬁtﬁﬁ about EB@/ witth the fest sarbent y]']jhe
rbert was ed and sie CuO gn AX-2
h?lpn%on n'-rfl r\l Q%???E Cu albnut %ﬁg’zzgr FE oh_ Sa%‘?l es
WETH. 25aken at vardgiguy tinmes| and phe2follgwing resalts
recortdet——Tabte—3—1H4—W9-2664/ 014826
PCT24352003/|/0247527003.7 24.85 10.6
305.25 7993.7 25.88 11.9
330.25 8630.7 25.48 14.6

The small, multilobed particles of sorbent successfully removed substantially all of the

phosphorus from the feedstock for about 125 bed volumes.

Example IV
Example III was repeated using 9% CuO on AX-300 (1/20” trilobe extrudate

obtained from Criterion Catalyst Company) (1/20” = 1.3 mm). Samples were taken at

various times and the following results were recorded in Table 4:
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TABLE 3 El apsed tinme (hr) Product Collected (g) Fluid
comng out of bed 0 17.25

Fl ow (g/ hr)
WQ 184/514826 72

ppmP in fluid
0.

1 65.25 2098.7 28.73 <0.1 137p@BUS2003/024752

3967.7 25.78 <0.1 185.75 5069.7 22.96 1.3 210.25
5639.7 23.27 3.3 234.25 6189.7 22.92 6.6 267 7003.7
24.85 10.6 305.25 7993.7 25.88 11.9 330.25 8630.7

TABRE. 48 14.6 The smal |, rrul til obed parti cI es of sorbent
steeessitHry i’cuuvcu stbstantt+at-ty—at+ the—5—
phosphor us |fra edstp 25 bed .

Elapgqd tiree () g o ?’v’%ﬁ gh}“ldofrlmgg/ﬁ@peat PR “’hg ?;Q
CuO on AX- JOO (@Pﬂeﬂ’tedn I obe extrudate ¢bCMHELHPH
Criterion Catal yst Conpany) (1/20" = 1.3{my. Sanples
werg taken|at 10 various times and the fiol | owi ng
rest-ts—were—recorded—in—Tabte—4—15—"Wo-2004/ 014826
PCT/ US2003/{024752 TABLE 4| El apsed tine (hr) G ans
Proddst Fluid Fl &%5@Gg/ hr) ppm P 3625 1 uid| Col | etled
com' ng out or Ded 0O 17.25]625.3 36.25 0|1 ©65.25

5 375p.3 2 0.4 |[185.75 4810.3

gézgm 1 91n @&EZW; 3 b3 0§ 234125 59516U

24. 00 6.8
137.75 37523 23.28 0.4
185.75 4810.3 22.04 <0.1

- 210.25 53753 23.06 3.2
234.25 5951.3 24.00 6.8
267 6839.3 27.11 11.6
305.25 7915.3 28.13 16.9
330.25 8581.3 26.64 18.9

The intermediate sized, multilobed particles of sorbent successfully removed substantially

all of the phosphorus from the feedstock for about 130 bed volumes.

in Table 5:

Example V
Example III was repeated using 18% CuO/AX-300 (1/20” trilobe extrudate) (1/20”

= 1.3 mm). Samples were taken at various times and the following results were recorded

16
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15

267 6839.3 27.11 11.6 305.25 7915.3 28.13 16.9
330.25 8581.3 26.64 18.9 The internedi ate si zed,

woredosiolasbed particles of sorbent successful |y PEnOym®™d3/024752
of the phosphorus fromthe
feedstock for about 130 bed vol unes.
le Il

subst anti al

Exanp

ly 5 all

Exanpl e

was repeated using 18% Cud AX- 300 (1/ 20"

TABLE{S obe ext rudat e) (1/ 20"

—_t—&keﬁ—‘a‘!—vfjrrr ots—t+es—and
Elapedainkethr) | ProducT@bllectdst (g6

PCT/ US2003

=1.3 nm. Sanples were

024752 TABLE 5

the—fot+ownyg
MOidFiow/ (9/b4)8
El apsed tine

results Were
p6  ppm P in fluid

heomiPreanhti of bed

out Oof bed

Cottected—0)

=l M (| e | £
Ford—Frow (d

0 17.25 798.7 4

) ppT P
6.30 0.1 65.

ftord——comng

P5 2540.7

36:29 0.1
251625 3.1

13/7. (9 4Z2/5. (24
210. 25798100. 7 24.

.90 U. 4 loo.

5 5500. 7

49 54630 234, p5 668204

1765725 330.

24,2725 6.5 4

67 76Q0, 7,.28. 03
25 941690329, 20 19

131
T

5.25
%orbe

B680. 7
Nt . whi

24
had

i) .

STl

shape lar td
y r‘lémed suh

that
st ant% y al

Example 1V,

of t’h¢(:)4

Phaspiorus |

vol Uhes

fr om eedst d
addi ES?QQ_\&

hixgpes

w0 i-n—B5>

nEtd'

| oa@mm( 9 wt.

ck fois %)out

s _ohse
S

130 bed 31

\Iarl \M t h t ha

A=A~

% i m4 fkxanpl ¢

a—\/ 10 A _C146
L

H £
1 ICCU

hagurng a dd

faVWaaal
MIIHI u I_I\u.llpl

nsity 66820 78 g/

\3 VA \V AN S WA BV )

cc ami.zHnpri $ing 1083 ppm

ool
PITOSPITuUl Uo

of 26773 cm

wasS ICU toaTe

at a t7abget  fl ov

ctor—tubetravi

r at e2803

g —a di anmeter
13.1

305.25

8680.7

28.24

17.7

330.25

9410.7

29.20

19.9

The sorbent, which had a size and shape similar to that in Example IV, successfully

removed substantially all of the phosphorus from the feedstock for about 130 bed

volumes. No additional capacity was observed with the higher metal loading (9 wt. % in

Example IV vs. 18 wt. % in Example V).

phosphorus was fed to a reactor tube having a diameter of 1.73 cm at a target flow rate of

Example VI
A C16 olefin feed having a density of 0.78 g/cc and comprising 10.5 ppm

30 g/hr. The reactor tube was partially filled with the test sorbent 50 cm’. The test
sorbent was 9% CuO/AX200, which has a particle size of about 1/32” (0.8 mm) trilobe

extrudate. Samples were taken at various times and the following results were recorded in

Table 6:
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30 g/hr. The reactor tube was partially filled wth

the test sorbent 50 cnB. The test sorbent was 9%
WEHAXBOO, which has a particle size of aboutPdr/B2003/024752

(0.8 mm trilobe extrudate. Sanples were taken at

TABY&'4 ous tines and the followi ng results were recorded
In 15 Table 6: 17 WD 2004/ 014826 PCT/ US2003/024752

ps @{) G ggﬁi Il ui qFP%mmd
Ela%ggéﬁlﬁrﬁ‘y‘%@n P ?ﬂ Egﬁo ect e&ﬁco ng )u%ﬁ%’ }é}g@ d
18 5 558 8|30 2%° 11628?4 6o <0 1| 13 ?f\%
18.62 0.1 {163 3706.8 31. 74 <0.1 186.75 4435.8 30.69
0.10 210.7% 5119.8 28.50 <p.1 241.25 595%3.8 27.34 0.1
3075 774718 2708 <O0. T 3BT 8469.8 30. 7Z <0.1 3/9.5
9924.6 30.00 0.1 7 1107B.6 24, 0.3 474.75 12184.6
%g; Q6 523 2 S'Pg 40 6 _25_90 ﬁoﬁ The s$mall 12
mul ti | obed |sorbent successfully renoved substantially
al | 4»f the |phosphb® from t he He®dst ock for afdlt
Z75 bed vol[umes. 5 Exanpl €] VIT The procedures of
eVI wer e ted upin O on|AX- 300
?gﬁ 2 I"n"r}?gé{ﬁgn _rgcbll fg glfé)o()@r:lu venlin theOI
foI | owi ng 'Iabl e 7. 18 WO 2p04/ 014826 PCTAUS2003/ 024752
163 3706.8 31.74 <0.1
186.75 4435.8 30.69 0.1
210.75 5119.8 28.50 <0.1
241.25 5953.8 27.34 0.1
307.5 7747.8 27.08 <0.1
331 8469.8 30.72 <0.1
379.5 9924.6 30.00 0.1
427 11073.6 24.19 0.3
474.75 12184.6 23.27 0.6
523.2 13440.6 25.90 1.3

The small, multilobed sorbent successfully removed substantially all of the phosphorus

from the feedstock for about 275 bed volumes.

Example VII
The procedures of Example VI were repeated using 9% CuO on AX-300 (1/20)

(1.3 mm). The results are given in the following Table 7:
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TABLE 7 El apsed time (hr) G ans Product Fluid Fl ow
(g/hr) ppmP in fluid Collected com ng out of bed O
W©O24/0818%6 545. 3 29.48 0 43 1220.3 27.55 0 13BCBHUS2003/024752
2415.3 12.38 0.1 163 3036.3 26.43 0 186.75 3676.3
TABI%795 0.1 210.75 4340.3 27.67 0.1 241.25 5185.3
.70 0.2 307.56989.3 27.23 1 331 7743.3 32 09 1 1

379.5 9127.6 28.54 1.8 427 10400.6 26.80 2.6 474.75
Elapst®iReGh38. 39GrnS Prodkt 25 | IPRAVFlovwg/t¥ |Theppm P in fluid
Intermedi gqte si@frctequl tiljobed particl es| ofonsing berdf bed
stecessftubty Tenmoved—substantial Ty all [of the
phosphorus| fromthe feedstijock for about [170 be '
\ml@m@s. Thetarger—si+ze—5—parttetes puvr:ivced%ver—
capacity at the sanme target flow rate as| Exanpl e VI
usl®hy the | sane | phor us cont 474 ng f?gdét_gg.k__?)—__
Exanple VIII A series of @axperinents was| performed to
dengnstratie hi gnéeosenper dture 205perf orjmance (80 C
and 120 C)| using 1/32" (0.18 mm tril obe [sorbent
parbiscl es. | A Cl6g16lefin fleed haysgg a density off 0.78
g cc—and—cpnprising 20 ppm phosphorus was red to a 19
WO, 2004/ 014826 PEL/US2003/|024753 eact of tube having
6, 645, i s
terof—1-—+3—Emat target—Ftowrgateof—23
g/ hr. The yeactor tube wds partially fi|J]led w t he
t 8¢.78or beht . Th¥70ést sarlbent &é@go% Cu ,Axgoo{)-q\mg'ch
has a particle diameter df about 1/32" (0.8 as a
t pi0.0Be extrudat4840Bne tenperatd7€7in the reacPdr
tube was npintained at 80 |C. Sanples werg taken at
vapi oys ties anglgshe 27.70 0.2
307.5 6989.3 27.23 1
331 7743.3 32.09 1.1
379.5 9127.6 28.54 1.8
427 10400.6 26.80 2.6
474.75 11660.6 26.39 2.8
523.25 12947.6 26.54

The intermediate sized, multilobed particles of sorbent successfully removed substantially

all of the phosphorus from the feedstock for about 170 bed volumes. The larger size

particles produced a lower capacity at the same target flow rate as Example VI using the

same phosphorus containing feedstock.

Example VIII

A series of experiments was performed to demonstrate higher temperature

performance (80 °C and 120 °C) using 1/32" (0.8 mm) trilobe sorbent particles. A C16

olefin feed having a density of 0.78 g/cc and comprising 20 ppm phosphorus was fed to a
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5 followng results were recorded in Table 8:
El apsed time (hr) G ams Product
wo200n/0§4826 d Col | ected comi ng out of bed 0 3.PGI/US2083/024752

TABLE 8

Fluid Flow (g/hr) ppm

23.45 0.2 5.75 119.6 17.36 0.2 22.5 438.3 19.03 0O

reaci o gl Hng b L

8 29.

a partayc% glame&eég

react(gf"tébe7 @as%%%%ta?ne%at 86 <. :B
4.2 31.16 0O 20 WO 2004/ 014826 PCT/ US2003/ 024752

folloif.rEsudt8 O2rere@drde®irOlabl8®: 75 4747.7 29.17 0 197.75
4969.4 27.71 0.1 213.75 5432.6 28.95 0.2 237.75
6126.3 28.90 0.7 244.75 6322.5 28.03 1.2 264.25

TARPBR7. 7 28.98 3

73 E}naéﬁ%géﬂ 8w (46 df 13 IMB Theoﬂ:u@tbr tube

pmP in fluid Collected comn
was paftidigdiled Svith t86 fﬁssso?bm Th@t;sssosmt was 8Y5uQy AX3

Htids 3

v@lch has
3558 450 S iy o
Weze BREPatvadBuSHmes addthe 75

Elapsed time (hr) Grams Product Fluid Flow (g/hr) ppm P in fluid
Collected coming out of bed
0
3.25 76.2 23.45 0.2
5.75 119.6 17.36 0.2
22.5 438.3 19.03 0
29.5 552.1 16.26 0.1
Elapsed time (hr) Grams Product Fluid Flow (g/hr) ppm P in fluid
Collected coming out of bed
45.5
665.5 7.09 -
53.5 869.5 25.50 0.1
71.5 1393.8 29.13 0.1
80.25 1638.3 27.94 0
95.75 1747.7 7.06 -
103.75 1954.3 25.83 0
119.75 2555.8 37.59 0
141.75 3322.7 34.86 0.1
149.75 3565.7 30.37 0
165.75 4064.2 31.16 0
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271.5 7031.1 19.78 288.5 7032.1 0.06 10.8 295.5
7342.8 44.39 5.2 309.75 7837.5 34.72 7.3 316.5
w@oB9/04832. 87 10.2 El apsed tine (hr) G ans Predius2003/024752
Fl ui d Flow(g/hr) ppm P in fluid Collected com ng out
UI174%O Sp8667,3pp 3. 73 JA1 89008 34. 4% Even aj the
hi-gher—t ci"l’ et-attre,—thesogrbent—successt ity renoved

SYRSAEnt ALY Aot e oSS o e S

vvvvv A" LILA "X=Jr] QII’JI C m/\ 11T
procedur es| of Ex le VITI| were repeat edlat a
t dap@&Fat urp of 1493 The | resuPfdlappeat in thé-1
follow ng [fable 9: 21 WD 2004/ 014826 PCT/ US2003/ 024752
TABLES 9 El apsed $43m6 (hr) |G ans 2BPO6duct Fl ui d FOQw
(grnr) ppnfP in flTurd Colffected comng put of bed O
03.2}0.00 5.75 [160 23 0.1 |22.5 5¢6.7
22??(2} . 295 @6%% s e 84—?%?‘%/535 6 6.38 -

5 27 1[/4.81 71.5 [1364. .87 0}4 80.
é‘é 57 0 48321%%-95-643—(—3—@—2&5%—@—&% ||uuu§?

Fl ui d Flow(g/hr mP inf fluid Collecteéd com ng out
of26688 95/ 75 19@@ 5/ 23,99 0.3 2898 g
271.5 7031.1 19.78
288.5 7032.1 0.06 10.8
295.5 7342.8 44.39 5.2
309.75 7837.5 34.72 7.3
316.5 8059.4 32.87 10.2
Elapsed time (hr) Grams Product Fluid Flow (g/hr) ppm P in fluid
Collected coming out of bed
334 8667.1 34.73
341 8908.2 34.44

Even at the higher temperature, the sorbent successfully removed substantially all of the

phosphorus from the feedstock for about 150 bed volumes.
Example IX

The procedures of Example VIII were repeated at a temperature of 120 °C. The

results appear in the following Table 9:
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103.75 2178.4 23.99 0.3
141. 75 3107.9 24.45 0.3
WA BH4/B5:83689. 4 24.44 0.3
189. 75 4270.7 24.83 0.3 197.75 4459.8 23.64 0.2
213.75 4854.5 24.67 0.3 22 WD 2004/ 014826
PCT/ US2003/ 024752 237.75 5443.7 24.55 0.6 244.75
TABIg419. 2 23. 93 0.9 264.25 6091.1 24.61 3.8 271.5 6260

119.75 2570.1 24.48 0.3
149. 75 3298.4 23.81 0.2
174.5 3892.1 23.17 0rQ@r/US2003/024752

23302885 ooSo 8249310 6 23754 131
Ela%gegfiZgS ;\H? r]éﬁe 3d %16 51311171%3@0}41(& 22, & P31 Lhuld
tenperaturg did cegls or f ere with succe cf(-]%mmm&
of substantlially all of the phosphorus fl[romthe
f eedst ock flor about 140 bed volunes. 5 Exanple X
NEODENE 16 {contai ni ng 18 ppm phosphorus was pl aced in
a j3s5 wi th [sorbentozand shaken iptoermittgntly by).a
fTat bed shaker over a perjjod of 15 hourg at 23 Cto
acty’gve equi | i bribbon The NE to sqrbent vy ght
ratt-os—tseg—was—H00—AftertequitTbratiom—theNECBENE
aratled fro e sorbent nal yzed for
ph{?grﬁfgr ususing g%ét{lndlmt el \J/iyg‘g%al edy | asma 0.1
anal ytical |met hod (ICP). The results are |given in the
f 0129w ng_Tabl e 1686.5TABLE 10 17.11 0.1
45.5 788.6 6.38 -
53.5 827.1 4.81 0.1
71.5 1364.7 29.87 0.4
80.25 1614.7 28.57 0.4
Elapsed time (hr) Grams Product Fluid Flow (g/hr) ppm P in fluid
Collected coming out of bed
95.75 1986.5 23.99 0.3
103.75 2178.4 23.99 0.3
119.75 2570.1 24.48 0.3
141.75 3107.9 24.45 0.3
149.75 3298 .4 23.81 0.2
165.75 3689.4 24.44 0.3
174.5 3892.1 23.17 0.2
189.75 4270.7 24.83 0.3
197.75 4459.8 23.64 0.2
213.75 4854.5 24.67 0.3
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10

Sorbent EquilibriumP (ppm) P loading (g/100 g

sorbent) BARNABEY SE carbon 7 0.11 BARNABEY CE
w@a00boms3 0. 15 23 WO 2004/ 014826 PCT/ US2003/ 0Z2ZBTBHRS2003/024752

Exanple XI The followi ng exanples illustrate the

napir.es of the inve@Bion and its papgact on| skel epal

I SOMeri zatipn of detergent jrange olerins. | A glrass
COobAUMs Wi t h| an | gy . i ametjer of ,§@3mm was packeg9vvi th

o

I % o Al A~
O. £ THT o OCTTASUTU AS SPTICTESUutdadlr Treu— 11 priT A coa

Co of Americ rodyce a 400 pmin | t h.
2(\5&6? rs o I\IIIFT&H}!LPI( rp) 14 ol ef Bi, la c16lLi npnrg-gg

al pha olefip comercially |avail abl e fron Shell

Chéri dal Cohpany, 6488 passed thr@ddfA the packed bed of

Sel exsorb AS spheres at a|weight hourly Epace
velggisty of| 0. 01 gg83.8hour gnd theqbsqui d pffl uentpgrvas

colTected Th a container pyrged with nitrpgen. The
ph%p.lgor us conteng84§f6 t he NE(DEN%_Q_;_Q) 10 16 ol e1f3i_1n

B—a-o-aeo.

was T'cuulTcur T uUriT 22U pPrirtu U2 P (| tIIC PTOULTSS,

| Sfphe 1} Selahy YA Prcpesgd L acpor dancg i th

incbrporated herein by reference and is reproduced in
papibherein| for 1B48dnveni ence. AhOAmoni um fer2érite

having a npJar silica to aljumna ratio of|62:1, a
sur3ace arep of 3B923quare [neterg4per gram (P/ Po =

0.03), a soda content of 480 ppm and n-heXxane

sorpij on capaci tyqaf ¢7- 3 g|per 16019 of zpolite was

usedas—the starting—zeotite: Fhe—catat-yst—conponents
were mull ed using a Lancaster nmix nmuller. The null ed

catalyst material was extruded using 2.25 inch .
Agafts tpighy CERRHBIA nealmeé{ereew}fl awssf@c;_emﬁ@aleétsabwlaﬂy all
of tHBshoBSIRRE B8 YRd REdsto MELOMNouPRIE B vAGREL ¢ acid and 1

wei ght percent citric acid. The Lancaster mx muller

was | oaded with 645 granms of ammoniumferrierite

(5.4% LA ) and 91 grans of CATAPAL D (r) alum na (LO

of 25,79 The ai unina v&TAESnded with the

f eNEGDENE f6odonkuidTh$ U8 @pmPUbETHrd ka3 plhdedBn & 54 with sorbent and

mlliliters of de-ionized water was added. m xture
shakgp igerguigfenthsbyyh Hei bed sheler preracpeatiod L5 doarsst 83 °Cite aghjeve

acid ang, 2 Llliliters.of de-ionjzed t was..., .
caufiilofeFRERGHIE TR harbrlobiaht af o Sb e bt RherfRtitibration.
the MEODIENE wh§ epataxddifc 6ém \WaSsofbtnt 86t 4:01yz8 f6i phobstioruusaty

grains of tetraanmm ne palladium nitrate in 153 grans

indugfivehe couted Rlasameralytiget methnd (o d dde sesolih gresventia the
folldWitt il W8S

TABLE 10
Sorbent Equilibrium P (ppm) P loading (g/100 g sorbent)
BARNABEY SE carbon 7 0.11
BARNABEY CE carbon 3 0.15
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mulled for a period of 5 additional mnutes. Ten grans

of METHOCEL FAM (r) hydroxypropyl methylcellul ose was
w@odedimnd t he zeolite/alum na m xture was nul PEHUSIN3/024752

30 15 additional mnutes. The extrusion m x had an LO

of 43.5% The 90: 10 zeolgkh®pRI M na m xture was

transferred to the 2.25 1 nc 5.72 cm Bonnot _ extruder

anah@ﬁqlhousd@giemmgs idustrptethgatuee of the inyepgon pud igs igpgact on

'Skeleéa ﬂ?‘ﬁ’a‘%{z E%f@%ffggﬁf%}g% PCT[ US2003/ 024752  The ni st

in an oven heated to 150C

f op @adiQUlienn @it ah hxﬁfér it oE a0 iom IvES Gatled wﬁtﬂm hEn
After drﬁl ng, the extrudates were broken nmanu

Selexsoeb ARtspherss ebtaigsd éroeaA@pﬁéT@mmnY psmcaffq o @(ﬁo‘@d 400

o oSS SRR Ay 0 AT Ry

avail@bRffid Sherehemaial Qﬁmbﬁ@@ Ak paied tlﬁbﬂi@h&ﬁs padked Ibed UDSelexsorb
25.4 m OD, 15 nm I D and 685 nmm_|ong was used to

AS spheresipie Whightheualyspace olRsitead Ol Heﬁ Bowi e theaue ﬁ@%@&t was

cond % koo S AT E A BB b g eeppomme
16 olbfi@ Wasedued Wen b@pstado wtﬂpnalrﬁﬁabfocsésug of gl ass

wool, then filled to a depth of 150 mmw th 20 nesh
silicon carbide, and then a small plug of glass wool

was added above the Si Fxgmgfgglans of the catal yst

descri bed in Exanple Xl xed with 45 grans of
60 AGEtd1RS WwaSipEepagdidn actbedhnica whithrieenyde CofUS-A4F5510, 304, evhich

it evenly inside the _reactor .tube.. Anpther piece of
has bge drcoppispted hereabretpieipneeand 1 @Rﬁﬂ%%&ﬂ@&ﬁd%ﬁe Tt he
con\fe fLo rAﬁ é’rﬁﬁoi’l\ﬁlﬁl fénllérﬁg héN’lhg' a%%l&tssﬂ'?@astb aflntmb eRiReA 6BY, a

I'nal piece of glass wool he tube was screwed into
surfea:ncatdae:f 369tsqiart emters paerarh éla/d?oawﬁtoé) mgbda mtemt of 480 ppm and
thernncouple ert ther

bR FERO ot EPHEVe O iy RACFRET s shipe zeolive

The e&hRAYSmpgdRents YeREmimed ﬁsﬁ)ﬁ%e&i Laddagter i@ agtulier. l’Ilhb enulies catalyst
then installed inside an ectric furnace. Connections

matqmﬂ wapgdaudgd vsing a 2 Spinel (3 Fecne Berent i barel GHiTvlerr ogen
o512 B RSB AL G838 Py
c1tr1aﬁkdd Al'lpr oahieasteranlx raaliar eovas Syl d mith MiStgrage of ahmaniuat-ferrierite

B 8 DT 5 AR PP S G e
blenﬁﬁ% {2 09 feriddRLES-S N%%H@lﬁé )Nh;&l tﬁh@ i $mMitifRrPof de-ionized

sphorus content of 20 ppniand 0.2 ppm was punped to
watetrw@s rddet. oY mattula of @tSegr@mS glcipl a@tlauan@l prgravoripf citric acid and

ththelnc n .and. t hen
152 GBS of fes Rioettivtelost S andR0 T R oG B Mz e
alurﬁmlgg | THel Bixte %@: WiBleWds: loehBlutk. 126 gRkisdh I tddalonangpgRtium
nitrate {n 1e53 grams of de-ionized water were then added slowly as the mixture was

mulled for a period of 5 additional minutes. Ten grams of METHOCEL F4M ®

hydroxypropyl methylcellulose was added and the zeolite/alumina mixture was mulled for
15 additional minutes. The extrusion mix had an LOI of 43.5%. The 90:10 zeolite/alumina
mixture was transferred to the 2.25 inch (5.72 cm) Bonnot extruder and extruded using a

die plate with 1/16” (1.6 mm) holes.
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the outlet pressure of the reactor was nuaintained at

1.0 psig (6.9 kPa gage). The liquid product was
waeoeiokeesedd in a 5 gallon (0.0 19 nB) vessel whPCEUS1003/024752

uncondensed gas was passed through a gas neter.

Sanmpk infgstRgiti8ateNoorcpyaied ih An bl Kaaeton seid pnetoufeand
liquid and gas products to be analyzed regul arly. The

thengnergessgo WeH € fomdl mmdAﬁyr dains hechimdeteoyeringkenThaually.

of th are_ pr the follow n
The gy Pere saRingt3p B Rai A BE (R I0bdruBa 50  TamL e
11 The Effect of the Phosphorus Content in NEODENE (r)

16 linear al pha olefin on the Degree of Branching
During Skeletal defin W ion Odefin Used
"oRB Bl AT e g Y ERINREE L I s o psingen

oleﬂﬂls@ﬁl&‘ii&ﬁ@ﬂ r¥@tdrNA lstafilésd sRePEYE25 A B3mnP0PY 18 1hm 28 -28d 8¢5 mm
37.8 97 56 64.0 97 33 110 97 20 230 96 Stopped

longr‘é@st usgfl teeontaio thppeatalyst Ongendyd the tube e seewpd i msainless
hosphor ou nt d NE NE( r
s DR RARERHt Fr DS  sOER Bbh e P P e ve

waslibrle agth Dimdlhglul o€ alasswodlt theafilleies depth of PYsBIaTtHS0 mesh
was reduced to 0.2 Byg ft he degree of branchi ng, stayed
qQ

silicqp eprbifleg Pt themp sealhplig afarse oot wes agledabamihe BiC. 6.00 grams
of tHeX@ Fagse g&i‘ﬁl Eﬁﬁﬁﬁ@%ﬁgxgasoidnﬁgmtﬁﬁé (%%@f&ﬁﬁ%%& SiC

usin conta n ppm 16 t
and addddan thME payit tordastiibuto it el &y ussidegtht henctoo titewAngther piece of
sor bents.

sults. .are _sho in the follo
glasS RoPEm 4550078 Sk BB iniss TRADS B P ASHOr K Gyt with 20
mesh 83 itd}ped 69/ 0P R HEIMss wool. The tube was screwed into another

stainless steel head and a multipoint thermocouple was inserted into the thermowell to

allow the temperature above, below and inside the catalyst bed to be monitored. The
reactor tube was then installed inside an electric furnace. Connections were made at the
top of the reactor to allow nitrogen and the olefin to be passed through the reactor. The
bottom of the reactor was connected to a condenser and a product collection system.
Nitrogen at a rate of 6 liters per hour was passed through the reactor while the
catalyst bed was heated to 290 °C over a period of 2 hours. NEODENE © 16 olefin with a
phosphorus content of 20 ppm and 0.2 ppm was pumped to the reactor at a rate of 60.0
grams per hour, allowed to mix with the incoming nitrogen and then passed through the
catalyst bed. During the testing the inlet pressure was held at 1.6 psig (11 kPa gage) while
the outlet pressure of the reactor was maintained at 1.0 psig (6.9 kPa gage). The liquid
product was collected in a 5 gallon (0.019 m?) vessel while the uncondensed gas was
passed through a gas meter. Sampling ports incorporated in the reactor allowed the liquid
and gas products to be analyzed regularly. The products were analyzed by gas
chromatography. The results of the testing are presented in the following Table 11.
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SELEXSORB AS 0.5 0.16 Ag nordenite (15-20% Ag) 16 0.04

Ag X-zeolite (35% Ag) <2 >0.18 The procedures of
wEx@aplas2( were repeated except the feed cont aP@EUSDE3/024752

ppm P. The results are shown in the foll ow ng Table
TABIFE 120 36e Wie206 M ORKEBR0MRETobRAOMINEOHIDE © THBlEarkipha

Sor bent o NEA¥ENEE D)cglte Birlchido AR Skl RAW1BEN IBMon
wei ght ratio (ppn) g 100g sorbent) Ag nor deni te 100

- larger pores thant
Phosphgrus£rasteni npunt  of

OeBTGE {he sbove Thbi JCREhSERTIRY | (0, %

t he hulﬂj@msohor us lcant m%@%’ﬂ

conpounds. 5 Al so, [the | oad of Ag on the |zeolite was

Timb Oglstreampiirch i ncr eased t he g/l Lighakiroducthe Ag

X-zeolite and the AS SELEXSORBTM bot h per|f orned very,

13. 5V\B| I EXanple XV Al|series of bests were pertormeqgito

24. SI Huostratethe Illpc ct—of i en§7rem)va| 0 1U SK%ge[ dal

SRR t-et gcnt 1 agl,yjc otefins+A d5r6
|
T

Al
37 8| SQUITCT 1 Lall Ul[ Ul U
Drnnnrafl on nf Trn'fnrl Eggrl Al ace e N s
T T AOJ A\YA >4 A\ | LI LA "L L)

640I nnpr dianmet er of 50 nmm was—p

ked with 1

50 m:QhLg

110pneutral, activated

al uni num oR7 de (Brock

mnn 1) 20

230 obt ai ned from Al dri

ch ChemnicaP6 Conpany t

oStpppediibest after 110

bed 400 mMmin lengtth. 20 liters of a m xtjure of hours

primarily linear 15 Cl4-19 ol efins, obtained from and

COMRIeGIrédchde @mﬂp%bbﬁpﬁdsﬁﬁer&sehlth&&ﬁpeaee@INﬁ@mwl6 the

assed through the packed bed at a wei ght hourly
degrep aﬁ&andung d@c,hn@d? rapiddy peth thoeipn stresm. tingh¢ ¢agaiofithe treated
ef f | uent ol | ect ed | nt ai ur
s VEE e R TR TR o 6P Hofl O g S et soved
muchhefheR forsaaudeldnge dinfa @stzdth. ppm t o 20 ppmin the
process. B. Preparation of Skeletal |sonerization
Cat al yst

Example XTIV

The procedures of Example X were repeated using a feed containing 20 ppm P, a
NEODENE?® 16 to sorbent weight ratio of 100 using the following sorbents. The results

are shown in the following Table 12:

TABLE 12
Sorbent Equilibrium P (ppm) P loading
(g/100g sorbent)
SELEXSORB AS™ 0.5 0.16
Ag mordenite (15-20% Ag) 16 0.04
Ag X-zeolite (35% Ag) <2 >0.18

The procedures of Example X were repeated except the feed contained 16 ppm P.

The results are shown in the following Table 13:
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20 A catalyst was prepared using the procedures

described in Exanple 12. C. Skeletal |sonerization
waigiongidBeeat ed Feed from A Skel etal i someri zat PORUSE003/024752

the m xture of alumina treated Cl4-C19 ol efins
TARIEdBned in part A of this Exanple was perfornmed as

owdrbargd | n ExapROBENH 1o The MouiliiRneP CI4- C19P Joading
ol efins, pr ep@érﬁgqt%v%lélﬁ r§&pt i on A(lglml)t h di gne gqp(ﬁfges%{‘bent)

20 25 ppn,—wa tmped—to—the ctot
¥ ans per hou?OBal | owed to mfxlcgmth th mcg@ls

en—and-t hen-—passed fhlnllmh the catalst
Al ATTU

AT e uu\.-.

the testing 4loﬁe i nl et preséére vvasj hel d af-32. 6

(359{9348} (11 kPal gage) while thé outlet pressurle of the
reactor was maintained at 1.0 psig (6.9 kPa gage).
The I'iquid product was collected in a 5 gallon (0.019
m In ﬂ&ﬁe&iothbl@s , teX uRe B IORRR doftams WaBerpRssatart he @b@henite,

as neter. npling 27 WO 2004/ 014826
allowe% TYRe DL @24@5@2 anwﬂt of thebulkp Ghaspbgrys goppRingenmpaunds.
I r

Als ENER oE AR g B DR o QA ir R PR TRBLRHRRR uptale.

Theaﬁtg Krmbligraagye ASSELEXSORB bboth perfomsdd vegy walle
presented in Table 14 below. 5 TABLE 14 Feedstock
Untreated Alum na Treated Selectively M xture of
Cl4- Cl19 o ef i ns Hydr ogedZe@@lec(¥. |jnear Cl4-C19 C19

5 Fsin: ARSI FlSh s B 09,
skel&tal ﬁﬁrn@ﬂzatfbﬁ of 4e@@eﬁt(}an@.015ﬂn59 1 88 114 48 90 85 135

43 88 82 The eveI branching in the isonerized
A. &%@%‘{m%{% s#éﬁtie ¢htly higher when the dienes

A glass column with an inner diameter of 50 mm was packed with 150 mesh

neutral, activated aluminum oxide (Brockmann I) obtained from Aldrich Chemical
Company to produce a bed 400 mm in length. 20 liters of a mixture of primarily linear
Ci4-19 olefins, obtained from and commercially available from Shell Chemical Company,
was passed through the packed bed at a weight hourly space velocity of 0.5 per hour and
the liquid effluent was collected in a container purged with nitrogen. The diene content of
the mixed C4-Cy9 olefins was reduced from 270 ppm to 20 ppm in the process.
B. Preparation of Skeletal Isomerization Catalyst

A catalyst was prepared using the procedures described in Example 12.
C. Skeletal Isomerization Using Treated Feed firom A

Skeletal isomerization of the mixture of alumina treated C;4-C;o olefins obtained in
part A of this Example was performed as outlined in Example XIII.

The mixture of C14-C9 olefins, prepared as in Section A (with diene content of 20
ppm), was pumped to the reactor at a rate of 60.0 grams per hour, allowed to mix with the
incoming nitrogen and then passed through the catalyst bed. During the testing the inlet
pressure was held at 1.6 psig (11 kPa gage) while the outlet pressure of the reactor was
maintained at 1.0 psig (6.9 kPa gage). The liquid product was collected in a 5 gallon

(0.019 m®) vessel while the uncondensed gas was passed through a gas meter. Sampling
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were first sorbed by passage of the Cl14-Cl9 ol efins

t hrough an alum na bed. 10 ExamIp e XVI A gl ass
wa@elogomss t h an i nner di aneter of 50 mMm was paP&KBEUSA03/624752

150 nesh neutral, activated al um num oxi de (Brockmann
ports ncokpaaitae ih the oraciir dHowed Glediguibdnd g8s prmingtsto b nudyied

e 00 in length. . 20 L of a m xture_ of imarily .

reuflCaP AR ereGPaprSy et HBHOF Ol retols OF the tting
are FIRERECindldb)e BViRldwabl € from Shell Chemical Conpany,

was passed through the packed bed at a weight hourly

space velocity of 0.5 per hour and the |liquid
TABEEldent was collected in a container purged with

Feeddtdbakogen.| Utteatdid ene cpAleiina Qledidte | Seloctigelgl4- C19
ol efi ns wagixieelveed from-CiOiemy t o BRrbpPated ¢ e

process. |2@nhdsxe XVl A gl ass col gip¥dsh an i nner
di anet er | @fjeHf %%as packed with 1501g]rar)e§$1 “neutral ,

1\ A £

4 + 1 LD 1 hi o1~
: 4 ar at UM OXT e DERCKTa—1 00T, rea— T 1+rom
ur1m oIt UATCTTIT ©A1 \/bJI [C U )] LAY | AV AV | oCT OO T T
.engt h— Q-efins wer 4’ 1 vé@pg}ﬁ) —rE]ju_ 1o %Ctmat hod of

1 e alnldnai stul F| ed to obtain a m xture of Cl144{C18
Sweanadili vel y branched bl efins. The 25 sel ectively

brhched |ol ef i § wer e| passef4t hrough the p2iked bed at

a 4%i ght |hourl y7 space} 28 W@32004/ (014826 92

PCAY US2003/ 024g52 vel ocitygoef 0.1 [per houwgy and T he

[Tgui d efifTuenty Was colTectgg In a|contar ngr purged

1 L -1 + - . + 1 2ol
Wil T {TOgem, g The direme——T ptent the—sgrectively

%y nealkhadd £ A £
bt §5Ibllcu orefjis—was—feaueeqi+om 240—ppm_F+o6—24ppm
N E R ocess—~ 5 Exanmple ,"I§! | A _donventi )

TS PT-UTTOo AL AR R o

cat al yst used for renovi ng (hydrogenati ng) di enes in
pyrol ysis gasoline(-carbon C5-Cl10) was used to
The desteb phipraachingiindheisamenredspredidt iwais signifithetly kighed wisdn the dienes

t ai 0~5 wt % R l,um . Th
wer€ FPA 80 GEDABIA G el e Pl R 5o c
(100 F), 5 kPa (30 psig), with 25 cc catalyst using a

C13/Cl4 liner 10 olefin_feed with approxi mately 500
ppm di enes and t he resuExample¥hown in Tabl e 15.

(o8 CERver e g M EP Bpr RS miSAL phiLRih 190
neutral, activated aluminum oxide (Brockmann I) obtained from Aldrich Chemical
Company to produce a bed 400 mm in length. 20 L of a mixture of primarily linear Cy4-19
olefins, obtained from and commercially available from Shell Chemical Company, was
passed through the packed bed at a weight hourly space velocity of 0.5 per hour and the
liquid effluent was collected in a container purged with nitrogen. The diene content of the

mixed Cy4-Cyo olefins was reduced from 270 ppm to 20 ppm in the process.

Example XVII
A glass column with an inner diameter of 50 mm was packed with 150 mesh

neutral, activated aluminum oxide (Brockmann I) obtained from Aldrich Chemical
Company to produce a bed 400 mm in length. Olefins were prepared using the method of
Example V and distilled to obtain a mixture of Cy4-Cig selectively branched olefins. The

selectively branched olefins were passed through the packed bed at a weight hourly space
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0.20 34 7.9 0.14 28 6.6 0.02 18 0.3 Although it
appears that target diene renpoval (or hydrogenati on)
w@av4beiseeached, the 15 renoval (or hydrogenat PONYSIHIORE24752
not appear to be sufficiently selective. At |ow
veldeyigtrod §drper hbwvend tholigquidiefilwat pas edlfetted imk eontdinenpurged with

. renoval was not s icient. |t s.deci ded t hat
nitegif e 0B ceStahs SRy eb dinien S Rggs i Rvsd Bem 240 ppm
to 203pfhin/tB&odssWas used to screen a nunber of different

catalysts: 500 m reactor; 350 m Cl13/Cl4 |i near
olefin feed; 38.33 kPa (230 psig) with 6% H2 in N2;

1000 rpm -24 C (75 F)x._Repr tative results
(paraffin make) are giv@%@?—mﬂn Table 16 for 40%
di eReonvegtitnaditype 29talyo M@b&kﬂﬁ)@ﬁlgf{@d@é‘&&@ﬁbﬁéﬂe@ 3n

TABLE 16 Catal yst Vol une Surface Area Particle Shape
pyr@dysis sa@linef~Eaber E5i0) s used tedeieraing Ioidregenatiomankeifigityo The

. P 1) I . .
oA FERR A B T B LIS o i
flovbreactor B389 CA1009F), K&B2 (Fvbsipheith 25lco-chaliseusin®a €4:/@y4 Jiner
0.05.0.7 trilobe In-hguse 2 30 10.2.5 mm 0.05 0,5

olefiy fep Bath A9 IRSlY 598 Rprodisnsang teryegpls arg sMvgbia Table 15.

Increased selectivity (lower paraffin make) was

obtained wth | ow surface area <15n2/2g and | ower Pd
TABbEdbBng <0.5 wt %

Hydrogen Dienes Removed Paraffin Make
(1/hr) (% conversion) Wit%
3.80 55 13.6
0.20 34 7.9
0.14 28 6.6
0.02 18 0.3

Although it appears that target diene removal (or hydrogenation) can be reached, the
removal (or hydrogenation) does not appear to be sufficiently selective. At low hydrogen
flows, to minimize paraffin make, diene removal was not sufficient. It was decided that a

more selective catalyst is required.

Example XTX

A batch reactor was used to screen a number of different catalysts: 500 ml reactor; 350 ml
C13/Ci4 linear olefin feed; 38.33 kPa (230 psig) with 6% H; in Ny, 1000 rpm; ~24° C (75°
F). Representative results (paraffin make) are given below in Table 16 for 40% diene

removal.
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5 The in-house devel oped catal ysts were prepared as

follows: commercially avail able alum na powder was
wo@bdoaionses from Criterion Catal ysts and Technol PQyUSZIn&024752

powder was cal cined at high tenperature from 1100C to
TABBOOE to obt ai n the desired surface of between 14

/g and cal ci neq po r was, extruded _in

Cate%%l cal ¥V ‘?1er |Sn1ffg°‘2A5€amn ?W%C%m@?t rddaedng THewin

ext r udaCasCoer e imBegnat ed W Bizgal | adivith 10 (0. Abake wt%

wt% and were further pronmoted with chrom um (0. 05
HER¥AYS as described i dlQUS- A- 4, 553 m#d3, i ncdrgorated 1.2
CHmn¢s®i n by reference, using 0.05sphtre% Ba as an

cAlidiat ve. & the conmgyci al catza“h%s test s HEREAUS)9

E141f‘3‘327 gave the best results. Th catal yst was used in
quent rocess op1;5| m zat i orbégj[n%:ontl nuqr?

K83§$ rat| on commer Ci al i zat i ofn, st udi es hough any

the cat aI ysts woul d be suitalli’&® 15 Exanpl e XX Once

Her eaus K8327 was identified as a sui tabl e

In-hewsenter ci al Iy avai | abl ¥ cat al yst2.5 mptocess €&Rdi ti ons 0.7
were varied to optimally bal anciilelst i vi ty and

In-heedecrt i vit 30 The effeti of hydrDgen fl ow 0BEASV-gas 0.5
hourly space velocity) for Cl3/ldbeand C11/ Cl2 |i near

In-hbeeds 1s 28pgi ven bel gw i n Tablesmiy- 19, wWpere the (3
hydrogen was diluted with nitroggse N (6%12/ N2).
(GHSV is defined as the vol. feed/vol. cat. hr). The
range of hydrogen dil uti on ranged from2%to 6% and

Tnorfsed AiecSHY Bl el SBetabtoF s ies areh R 22

and ldwel 2188l 3.9 vhor. tvvo dlfferent feed fl ows of WHSV
equal 2 and 1. (The WHSV is defined by grans
eddie dgir-honse dgyelopad) catapygy werpprepradias/fol o cammepgaly =

avalgxbée%%mg‘f%Wg%obg@%g@goh{gh@g811 c?{alﬂsts"é?n\é\’fé’ch&éogﬁ The

powder was calcined at high temperature from 1100°C to 1300°C to obtain the desired
surface of between 14 m2/g and 6 m2/g. The calcined powder was extruded in a typical
manner into 2.5 mm trilobe extrudates. These extrudates were impregnated with palladium
(0.05 wt%) and were further promoted with chromium (0.05 wt%), as described in US-A-
4,551,443, incorporated herein by reference, using 0.05 wt.% Ba as an additive.

Of the commercial catalysts tested, HEREAUS K8327 gave the best results. The
catalyst was used in subsequent process optimization in continuous operation and

commercialization studies, although any of the catalysts would be suitable.

Example XX

Once Hereaus K8327 was identified as a suitable commercially available catalyst,
process conditions were varied to optimally balance activity and selectivity. The effect of
hydrogen flow (GHSV-gas hourly space velocity) for C13/Ci4 and C;1/Cy; linear feeds is
given below in Tables 17-19, where the hydrogen was diluted with nitrogen in (6%H,/N>).
(GHSYV is defined as the vol. feed/vol. cat. hr). The range of hydrogen dilution ranged

from 2% to 6% and 6% was found preferred. For the C11/Cj2 example, the results are
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75 35 1.4 TABLE 18 Cl11/Cl2 Feed, WHSV = 2: GHSV D ene
Conv. Paraffin Make hr-1 %W% 12 31 0.36 25 39
w©®2®9/0148%6 47 0.83 10 TABLE 19 Cl11/Cl2 Feed, VWSNVUSIN3/024752
GHSV Diene Conv. Paraffin Make hr-1 %W% 8 55 0.4
givadGinJables 18-ROSut tveo different feed G084 G AVHE¥ dkqeiilrartdhiat (The WHSV
. dt ere i s an og}i mal qaiﬁ fl ow, above which 15 excess
18 o erms, fesigkamms ¢4t ')-no si gni ficant increase in
di ene renoval (hydrogenation). The optinmal gas flow
al so depends on the type of feed used, as shown |ater.
TABRB47 the condition above at GHSV equal to 35 for the
Cl13/Cl4 feed, a longer-termtest was 31 WO 2004/ 014826
C1IFCT4A Bea) O8H3M#832 performed to check catal yst
stability. The test run was carried out for
GHspPr oxi mat el pig@@@nvhr W t papensiverief i cant catal yst
nr-P€er f ormance ghange. Resul t syghow that dienes are nore
easily and sel ectively hydrogenated in the Cl11/Cl12
15 feeds than fromthe C13/ Clzbbfeed. One factor affecting
30activity IS econcentratiqiw 5 of al pha olefins
(AOs), as ¢ ared to internal olefins. H gh AO feeds
35 (-20-50% typically had ab@ft 10-20% | ess
45 hydrogenat i o2 respecti vel y ldnd the C11/Cl2 feed had
75 the |owest AD content (-6%4 The use of |ower feed
flows conbined with lower gas flows resulted in an
activity inprovenent and a dramatic selectivity
TABhPnevenent. 10

C11/C12 Feed, WHSV =2:

GHSV Diene Conv. Paraffin Make
hr-1 % Wit%

12 31 0.36

25 39 0.59

45 47 0.83

TABLE 19

C11/C12 Feed, WHSV =1:

GHSV Diene Conv. Paraffin Make
hr-1 % Wi%

8 55 0.4

25 53 1.1

Results from the C13/Ci4 feed show that there is an optimal gas flow, above which
excess paraffins are made with no significant increase in diene removal (hydrogenation).
The optimal gas flow also depends on the type of feed used, as shown later. Under the

condition above at GHSV equal to 35 for the C;3/Cy4 feed, a longer-term test was
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Exanple XXI Initial results on branched feeds are
shown bel ow, as determned in a batch reactor. (The
w@orvdior4sens of the batch reactor were the saneP@RUS103E24752
given for linear feeds with the Heraeus K8327
perfomesll tg shck cHbedydt statiilitpnTla tastdun pps oxiricd et for GEfropipmtely 2000

dienes. .The results .15 are, broken-out dependi ng on
he W0 ST AR PR B i ow | n Tabl e 20. TABLE
20 REQ18Y shBvaRSSdi&nkd a@fﬁo@aﬁg&nd%memy hy&BPRARANA the

Di ene 61% 49% 90% Renoval % From the foregoi ng
Ci/Festaedsghan frompbe&r¥Cutead. dinsrfegorafifiedtiog ettidtytis thel opncentration

o BASARRBIEABL). A0 HRRITSREI B8NS, ek bl bl

typicadlychag abohtyl OLTH 1dsh aydtogiRbon fesp&aeBranlieRas )/ Nedel had the
that by to the feed, or separating the different

ppi n
10W‘%§Féﬂ%§“%’é§‘e@/°gn their carbon nunber, the lighter
co ..
GonBe REPDHIoWEL fech SR ROmbba L 1858 BB MR eGien BFad Fetviy
impidyeinegend ta ddameatic eieenesy imgopandmr med in a conti nuous
trickle flow reactor at the GHSV (G and WHSV (W
shown below in Table 21, along with the results: 32 WD
2004/ 014826 PCT/ US2003/ 24498 xxABLE 21 Reactor Total
Di enes C15-Cl6 C8-Cl4 F%ﬁr'%n;Conditi ons Renoved %
Di éntigl rhidisen brachedvfebsls Re whaen békoRe andateinihddtia/aBGalS reactor.
52 34. 77 0.4 2/ G=45 49 .35 72 0.5 W1/ =10 56,38 8
(thefoptinhd pRS gai ororg 67 WE RS A Lt 8B AT ERafeRs With the
Herghb BE8B2 Y eathlyst). OB fletl @Bnt@ihed bR 6Rinkkd1 R 500 Pprii@lienes. The results
paraffin make wth the branched ol efin feed.
are hrplegneeiy dgpefidintgeorhipg cafen avinber, amshout belove in Bable ader
feed 5 flows, and in this regine the paraffin nmake
was controlled to the desired |ow | evel by

TABLE 20
Total Dienes C15-Cl6 C8-C14
Component Component
Diene 61% 49% 90%
Removal%

From the foregoing results, it appears that dienes can be effectively hydrogenated
in branched feeds as well as linear feeds. The dienes in lighter feeds were hydrogenated
more easily than the dienes in heavier feeds. (Note that by topping the feed, or separating
the different olefins based on their carbon number, the lighter components were removed

to the degree desired, as is done in the commercial process).

Example XXII

Hydrogenation of dienes was performed in a continuous trickle flow reactor at the

GHSYV (G) and WHSV (W) shown below in Table 21, along with the results:
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mnimzing the gas flow. Further results were obtained
Wi th a topped-branched feed as a function of feed
wo bwoass2ehown bel ow in Table 22. TABLE 22 WHSRCTIUS2063/024752
Renoval % 2 32 1 45 0.5 64 0.25 74 10 These
TABBEQIts further denonstrate increased diene
Reattpdr ogenaTohDidnes ow Gl6e@l ¢ at es.C&(drh t he Parnaéfoi ng,
Coniditionas deRempvedd t hdiees WHSV of DRn&s woul d bakangs

paraffin make (0.5 Wovadd t heR&igeekdiog renove only
the nost active dienes fromthe feed. Persons of

W=Q;Gu3?ary skill in thggart will rpecognize th6t4 many
w=IRdifsi cat yjons may be ;. made to thf2 present i B' ention
Wi thout departing fromthe spirit and scope of the

nt i nventio The enbodj nrent described herein
Wz?);%@ant %% be iIIus{}iSative onl y*&nd shoul d%not be
W=l4keR as Y9miting théd8invention,7@hich i s d&fined in
the follow ng clains. 33 WO 2004/ 014826
ThepesnitsgpnosyteruaiiativiNEydibgdnition of dieprsoxitsmirfionl pakifingnake

..Selective ranched al cohol conposit.ion, onprisin
i SR e B R 5o P e EOTRG Rl o€ oF BRI N o
flov|, &id MIhRAYENE BS pdreMimakeGsROAtroREBRhANLiRd low level by
concentration of phosphorous-containi ng conpounds;

mingpigingche gep e dFnishas ressltewire dbsainedaith agopnsdbeanched feed as a
ﬁm&ﬁ)%'ﬂfgéldrfﬁ)\@amlto@kjn’bePc{vﬂnef %l?é %Z.a transition net _al , On

a support 1n an afnoun and under sor bi ng conditions
TARLERE @2ti ve to substantially reduce said concentration

sai d phosphqrous- 10 contai ni ng conpounds in said
“ﬁﬁgher ol efin fd¥89¢ ReHOHEL? ng said | ower ol efin feed
with a skeletal isonerization catalyst under
i sonerization édnditions effective to produce
1 selectively brddched olefins having up to 36 carbon
0.5 atons; and, corpderting said selectively branched
0.2%l efins to sai d4sel ectively branched al cohol 15
composi tion.
These results further demonstrate increased diene hydrogenation at low feed rates. From

the foregoing, it was determined that a WHSV of 0.5 would balance paraffin make (0.5
wt%) and the need to remove only the most active dienes from the feed.

Persons of ordinary skill in the art will recognize that many modifications may be
made to the present invention without departing from the spirit and scope of the present
invention. The embodiment described herein is meant to be illustrative only and should

not be taken as limiting the invention, which is defined in the following claims.
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2. The process of claim1 wherein the netal is a

transition netal, preferably selected fromthe group
waeongiostseqig of Sc, Ti, Y, La, Ac, Hf, Unqg, V, MNIT/UTR03/024752

Unp, G, M, W Uhn, M1, Tc, Re, Uns, Fe, Ru, Gs, Co,
Rh,WECLAIM: Pd, Pt, Cu, Ag, Au, Zn, Zr, Cd, Hg, 20 Ce,

Pr, Nd, Pm Sm Eu, &, Tb, Dy, Ho, Er, Tm Yb, Lu,

Th, Pa, U Np, Pu, Am Cm Bk, Cf, Es, Fm M, No,

and. Lr approcesstibnailing s sélbﬁfv%gf rafidte@ aRiofbEdoailo¥itbhom

the group consisting of Sc, Ti, V, G, Fe, Co, N,
compysingn  Zr, No, M1, Ag and conbi nations thereof, nost

. >onsi.st i f ,
G PraianL I S TIO O 4R a0e e SRels nERRR Bl isas 2 goppon
cl ai ms htomts @hdwheneiniratibe oS pHdRPRIroGLERItAISRS cORPBEKds;
oxi de on a(guppor 4. The process of any of clains

) t, |
1- SONREHG 3iIQMgT dshin &ed valhd sarben comprisige wmetalypreteratdy a
w. %o j: ' -] j .2
Lo’ 10w Elith BRAREh «¥bpere i dh A GHY Bhqg SO Mhieths
2004/ 014826€ivRaT SS200810R4UE2saibeontherationof ssid phoshyrous-

of clains 1-4 wherein said |ower olefin feed or said
sel ect | YRFGIHIEHIRG 1stf“ﬂ§°\‘f6‘h‘ﬁ?$%£“§ga quantity of

di ep@actiid IBRePs1Ome feed Wit $§Jelet89§8?ﬁér§§§or¥ @cﬁi%igétrﬁﬂger
said quantity of dienes. 5 6. The process of claim

wher ei nispgictizatirondigions elfentine tpupnotliiceyseteictivile hemched olefins
conpri ses..contacting sai.d | ower olefin feed or said

sel ecti %Y@gﬁpgon% %agb%}aé?mﬁ’s fth a hydrogenation
catahvesting dait seletisein Sidnchel dlofigh B8 dReles@NI Y BrahBhddfcohol
presence of a gas feed conprising an inert gas and a
quant i t fOBPORYRr ogen, preferably under hydrogenation
conditions and at a flowate effective to convert to
olefins a majority of dienes present in 10 said | ower

ol &f i n flbegdrasessadickirs é|veladréin eheymbrabizsahedsition fnels, wafdrably

r oduci 1 w.%or |ess .. ffins,. 7. The _process of
seledt AR pB it ting of 88 o SuL kot DaasY obata D, Cr, Mo,
W, U, MIYSTChREIO8e Be Oy, RECE] L, IR, Ph.awr @ﬁ,eAé,%%!r_g%{ r?& Hg,

| ess. 15 8. The process of any of clains 1=7

Ce, BraNd, Bonvey Enngd.cdnplyi HesEr, Jont s tliunghskd, &, 3, But Amelyn, Bk,

C | ef i ith.,a hydrofornylation. c S
ot I RACNRE NS, B4 Ph ot bt it et g el SR hestraup
consifing by SefTicVaCnFefcd NWEnerm ArhEblvE! Ak ahd¥b@bindfions thereof,

cat al yst or
most prefaera){) y from the group consisting of copper, silver, and combinations thereof,

3. The process of claims 1 or 2 wherein the sorbent comprises copper oxide
on a support.
4. The process of any of claims 1-3 wherein said sorbent comprises from 8 wt.

% to 20 wt. % of said copper oxide, in particular from 8 wt. % to 10 wt. % of said copper

oxide.
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t he hydrogenati on catal yst conprises palladium 10.
The process of any of clains 1-9 wherein said sorbent
w@eopoisses a support material capabl e of sor bPeyUS2003/024752
di enes, preferably an acidic sorbent. 25 35
5. The process of any of claims 1-4 wherein said lower olefin feed or said

selectively branched olefins comprises a quantity of dienes, and the process further

comprises reducing said quantity of dienes.

6. The process of claim 5 wherein said reducing of said quantity of dienes
comprises contacting said lower olefin feed or said selectively branched olefins with a
hydrogenation catalyst that is sensitive to diene poisoning in the presence of a gas feed
comprising an inert gas and a quantity of hydrogen, preferably under hydrogenation
conditions and at a flowrate effective to convert to olefins a majority of dienes present in
said lower olefin feed or said selectively branched olefins while producing 1 wt.% or less

paraffins.

7. The process of claim 6 wherein said gas feed comprises from 2 to 6 vol. %

hydrogen or wherein said flowrate is 1 LHSV or less.
8. The process of any of claims 1-7 wherein said converting comprises
contacting said selectively branched olefins with a hydroformylation catalyst under

hydroformylation conditions.

9. The process of any of claims 6-8 wherein the hydroformylation catalyst or

the hydrogenation catalyst comprises palladium.

10.  The process of any of claims 1-9 wherein said sorbent comprises a support

material capable of sorbing dienes, preferably an acidic sorbent.
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